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NOTICE

The U.S. Environmental Protection Agency through its Office ot Research and Development funded the
research described here under IAG DW-89-92154301-0 through the U.S. Department of Energy (DOE)
Contract DE-AC09-96EW96405. It has been subjected to the Agency’s peer and administrative review
and has been cleared for publication as an EPA document. Reference herein to any specific commercial
product, process, or service by trade name, trademark. manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement or recommendation. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the EPA or DOE, or any agency thereof.



FOREWORD

The U.S. Environmental Protection Agency (EPA) is charged by Congress with protecting the Nation's
land, air, and water resources. Under a mandate of national environmental laws, the Agency strives to
formulate and implement actions leading to a compatible balance between human activities and the ability
of natural systems to support and nurture life. To meet this mandate, EPA’s research program is
providing data and technical support for solving environmental problems today and building a science
knowledge base necessary to manage our ecological resources wisely, understand how pollutants affect
our health, and prevent or reduce environmental risks in the future.

The National Risk Management Research Laboratory (NRMRL) is the Agency's center for investigation
of technological and management approaches for preventing and reducing risks from pollution that
threaten human health and the environment. The focus of the Laboratory's research program is on
methods and their cost-effectiveness for prevention and control of pollution to air. land, water, and:
subsurface resources; protection of water quality in public water systems; remediation of contaminated
sites, sediments and ground water; prevention and control of indoor air pollution; and restoration of
ecosystems. NRMRL collaborates with both public and private sector partners to foster technologies that
reduce the cost of compliance and to anticipate emerging problems. NRMRL's research provides
solutions to environmental problems by: developing and promoting technologies that protect and improve
the environment; advancing scientific and engineering information to support regulatory and policy
decisions; and providing the technical support and information transfer to ensure implementation of
environmental regulations and strategies at the national, state, and community levels.

This publication has been produced as part of the Laboratory's strategic long-term research plan. It is
published and made available by EPA's Office of Research and Development to assist the user
community and to link researchers with their clients.

Sally Gutierrez, Director
National Risk Management Research Laboratory



EXECUTIVE SUMMARY

A study using juvenile swine as test animals was performed by Casteel et al. (2006a and 2006b) 10
measure the gastrointestinal absorption of lead trom a test soil collected from the Herculaneum Lead
Smelter Site in Herculaneum, Missouri after 12 months and 24 months ot weathering. The test soil,
designated “HER-2930.” was collected from the Herculaneum Lead Smelter test plot in late May 2005
after 12 months ot weathering and contained an acid extractable [ead concentration of 2021 pg/g. The
test soil, designated as “HER-3201, was collected after 24 months of weathering and contained an acid
extractable lead concentration of 2.131 pg/e. The relative bioavailability of lead in these test soils was
assessed by comparing the absorption of lead from the test soil to that of a reference material (lead
acetate).

Groups of five swine were given oral doses ot lead acetate or the test soil twice a day for 13 days during
the study with both the 12-month and 24-month samples. The amount of lead absorbed by each animal
was evaluated by measuring the amount of lead in the blood (measured on days 0, 1,2, 3.5, 7.9, 12, and
15) and the amount of lead in liver, kidney, and bone (measured on day 15 at study termination). The
amount of lead present in blood or tissues of animals exposed to test soil was compared to that for
animals exposed to lead acetate, and the results were expressed as relative bioavailability (RBA). The
RBA resuits for the 12-month test soil and the 24-month test soil in this study are summarized below:

N

Estimated Soil RBA

Measurement Endpoint

(90% Confidence Interval)

Results of soil weat

hered for 12-months

Blood Lead AUC*

0.75(0.62-0.93)

Liver Lead

1.01 (0.76 —1.34)

Kidney Lead

0.84 (0.69 - 1.04)

Femur Lead

0.69 (0.61 - 0.79)

Point Estimate

0.82(0.63-1.13)

Results of soil weat

hered for 24-months

Blood Lcad AUC

0.90 (0.68 - 1.13)

Liver Lead

0.78 (0.65 - 0.95)

Kidney Lead

0.77 (0.64 - 0.94)

Femur Lead

0.82(0.68 - 1.00)

Point Estimate

0.82 (0.65-1.02)

*Blood arca under the curve (AUC) data were {it to the lincar model
for the 12-month and 24-month samples.

As seen, using lead acetate as a relative frame of reference, the RBA point estimate is approximately 82%
for both test soils. This relative bioavailability estimate may be used to improve accuracy and decrease
uncertainty in estimating human health risks from exposure to these test soils.

A split of these same soil materials was used by Drexler (2005 and 2006) for in vitro bioaccessibility
(}1VBA) determinations at the University of Colorado’s Laboratory for Environmental and Geological
Studies. The IVBA mean * | standard deviation for triplicate analysis was 0.687 £ 0.015, using Dr.
Drexler’s soil Pb analytical mean value of 2,491 mg/kg. Given Dr. Yang’s analytical mean result of
2,021 mg/kg (as used by Dr. Casteel in the swine study), the IVBA resultis 0.843 £0.015. The
prediction interval (i.e., “best estimate” plus 5% and 95% confidence limits) has been published by the
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USEPA (2004a; Figure 3-6). Interpolation of the 12-month [VBA data (above) results in best estimates
and 93% upper confidence limit (UCL) values of:

- 65.4% and 88.4% for soil Pb level of 2,491 mg/kg; and
- 81.6% and 105.2% for soil Pb level of 2,021 mg/kg.

Dr. Yang’s 24-month mean soil Pb result of 2,131 mg/kg was used by Dr. Drexler and by Dr. Casteel.
The IVBA mean % | standard deviation for triplicate analysis was 0.887 £ 0.015. These resuits translate
to RBA best estimate and 95% UCL values of 86.1% and 109.7%, respectively.

Given the results for the geochemical modeling (Section 3), plus above analytical data, MSE Technology
Applications, Inc. suggests that an overall RBA of < 82%6 (75%-85% plausible range) appears reasonable
for the 12-month soil sample and an overall RBA of > 82% (30%-90% plausible range) for the 24-month
sample. The overall upper bound RBA appears to about 90%, well within the range for the cerussite
group RBA shown in Figure 2-7 of EPA’s RBA estimation report (EPA. 2004a). Such exceedance of the
integrated exposure uptake biokinetic (JEUBK) model default RBA value (0.60) may be due to: 1) initial
conversion of the small (< 2 pm) galena particles to pyromorphite. followed by 2) surface oxidation of the
pyromorphite particles to such biologically available forms of Pb as cerussite.
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1. INTRODUCTION

1.1 PROJECT BACKGROUND

EPA Region VIi is the location of one of the largest historic lead (Pb) mining and smelting areas in the
nation, if not the world. Lead mining activities in Region VII occurred in a broad band more than 50
miles wide stretching from St. Louis, Missouri southwestward into southeastern Kansas. More than 3.000
historic mine sites and over 130 primary smelters have been identified in Missouri alone. Approximately
20 smelters were located in southeastern Kansas. and one ot the largest secondary Pb smelters in the
nation was located in Omaha, Nebraska. Many of these mines and smelters are located in populated
areas, and present a significant health risk to humans.

The Herculaneum Lead Smelter site in Herculaneum, Missouri contains the largest active Pb smelter of its
kind in the United States. The site consists of three main areas: the smelter plant, the slag storage pile.
and office buildings. The site encompasses approximately 52 acres. It is bordered on the east by the
Mississippi River and on the north and west by residential areas. The Herculaneum Lead Smelter site is
owned by Doe Run Company (Figure [-1).

In September 2001, Pb ore concentrate, also referred to as milled ore, was discovered on the streets of
Herculaneum. Extensive removal actions were initiated in the tall of 2001 and remain ongoing.
Residential yard soil replacement, home interior cleaning, street cleaning, and significant changes to
concentrate handling procedures have been implemented.

Lead ore concentrate is a Pb production intermediary that is processed at milling facilities and
subsequently trucked to smelting facilities where it is processed into pure Pb product. Concentrate is a
fine-grained, powder-like material that consists of approximately 70% Pb. Government regulators
discovered that copious amounts of Pb concentrate were being spilled from trucks and/or being tracked
out of the storage areas at the Doe Run smelter facility and spreading to the yards in Herculaneum.

Although the Doe Run Company has conducted most of the removal actions at the site to date, EPA has
incurred significant oversight and monitoring expenditures. Doe Run is contending that Pb ore
concentrate has an extremely low bioavailability potential and therefore, presents a minimat public health
threat. EPA has maintained that Pb in the form of mill concentrate can readily oxidize and become more
bioavailable over time when exposed to the environment. Presently, EPA is not aware of any specific
studies that have quantified the bioavailability of Pb ore concentrate after being exposed to the
environment.

The amount of Pb absorption by the body when ingested is referred to as “bioavailability™. Each of the
240 different mineralogical species of Pb has a different bioavailability depending on the elements
combined with the Pb in the individual species or mineral. Measuring the relative bioavailability (RBA)
of Pb in soil is accomplished using an EPA Immature Swine Study (in vivo bioavailability analysis),
where young weanling swine are dosed with either the test soil containing a known quantity of Pb or the
control soil containing the equivalent concentration ot Pb, but essentially in a 100% bioavailable form.
Blood, venous blood, soft tissue, and bone samples are obtained to measure the respective adsorption
rates of the test and reference Pb compounds into the exposed swine. The tissue-specific differences in
Pb concentrations in these two exposure groups are used to calculate the overall Pb-RBA of the particular
test soil (Casteel et al., 1996).
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Figure 1-1. Herculaneum Smelter sit
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e location map.

In vitro methods that simulate Pb behavior in mammalian gastrointestinal tracts have also been developed
over the past 10 years (e.g., Ruby et al., 1999). Such approach to estimating Pb bioaccessibility is
attractive as it is less time- and money-consuming than swine feeding studies. Furthermore, previous
(site-specific) investigations that employed both in vitro and in vivo approaches show promising
correlations between the two types of results (USEPA, 2004a). Consequently, this dual-approach was
used in this Herculaneum ore concentrate-soil weathering study.

[39)




1.2 PROJECT GOALS AND OBJECTIVES

The purpose of this study was to document changes in the relative bioavailability and in vitro
bioaccessibility (IVBA) ot Pb in ore concentrate-soil mixtures allowed to weather in test plots established
in the Herculaneum area. Representative samples of soils were collected after 12 and 24 months of
environmental exposure. The dried, sieved (< 250 um) materials were used for the time-specific
determinations of relative bioavailability (RBA) and in vitro bioaccessibility (IVBA). This report
presents the results from the sample weathered for 12 months and the sample weathered for 24 months.

Dr. Stan Casteel of the University of Missouri (Columbia), Veterinary Medical Diagnostic Laboratory
(UM/VMDL) was the Principal Investigator for the in vivo Pb bioavatlability studies that dosed young
swine with lead ore concentrate from the field test plots at Herculaneum. Sections of this report
discussing the in vivo bioavailability are taken verbatim from Casteel et al. (2006a and 2006b).
Physicochemical characterization of the samples was performed by Dr. John Yang at Lincoln University
of Missouri (Jefferson City, Missouri). The in vitro Pb bioaccessibility extractions and subsequent
chemical analyses were performed by Dr. John Drexler of the University of Colorado (Boulder). His data
is found in Appendix B for the 12-month sample and Appendix D for the 24-month sample. Quality
assurance oversight, project management, as well as general review and interpretation of all available data
were performed by MSE in Butte. Montana.

1.3 OVERVIEW OF BIOAVAILABILITY

Reliable analysis of the potential hazard to humans from ingestion ot lead depends upon accurate
information on a number ot key parameters, including lead concentration in environmental media (e.g.,
soil, dust, water, food. air, paint), intake rates of each medium, and the rate and extent of lead absorption
by the body from an ingested medium (“*bioavailability™). Knowledge of lead bioavailability is important
because the amount of lead that actually enters the body from an ingested medium depends on the
physical-chemical properties of the lead and of the medium. For example, lead in soil may exist. at least
in part, as poorly water-soluble minerals, and may also exist inside particles of inert matrix such as rock
or slag of variable size, shape, and association; these chemical and physical properties may influence the
absorption (bioavailability) of lead when ingested. Thus, equal ingested doses of different forms of lead
in different media may not be of equal health concern.

Bioavailability is normally described as the fraction or percentage of a chemical that is absorbed by the
body following an exposure of some specified amount. duration, and route (usually oral). Bioavailability
of lead in a particular medium may be expressed either in absolute terms (absolute bioavailability) or in
relative terms (relative bicavailability). Absolute bioavailability (ABA) is the ratio of the amount of lead
absorbed compared to the amount ingested:

ABA = (Absorbed Dose) / (Ingested Dose)
This ratio is also referred to as the oral absorption fraction (AFo). Relative bioavailability is the ratio of
the absolute bioavailability of lead present in some test material compared the absolute bioavailability of
lead in some appropriate reference material:

RBA = ABA(test) / ABA(reference)

Usually the form of lead used as reference material is a soluble compound such as lead acetate that is
expected to completely dissolve when ingested.

)



For example. if 100 micrograms (pe) of lead dissolved in drinking water were ingested and a total of 50
e entered the body, the ABA would be 50/100, or 0.50 (30%). Likewise, if 100 ug of lead contained in
soil were ingested and 30 pg entered the body, the ABA for soil would be 30/100, or 0.30 (30%%). If the
lead dissolved in water were used as the frame of reference for describing the relative amount of lead
absorbed from soil, the RBA would be 0.30/0.50. or 0.60 (60%).

For additional discussion about the concept and application of bioavailability. see Gibaldi and Perrier
(1982), Goodman et al. (1990), Mushak (1991), and/or Klaassen et al. (1996).

1.4 USING BIOAVAILABILITY DATA TO IMPROVE EXPOSURE CALCULATIONS
FOR LEAD

When reliable data are available on the bioavailability of lead in soil, dust, or other soil-like waste
materials at a site, this information can be used 1o improve the accuracy of exposure and risk calculations
at that site. For example, the basic equation for estimating the site-specific ABA of a test soil is as
follows:

ABAsoii = ABASQIHN: ’ RBASU”
where:
ABA = Absolute bioavailability of lead in soil ingested by a human
ABA lubie Absolute bioavailability in children of some dissolved or fully
soluble form of lead
Relative bioavailability of lead in soil as measured in swine

RBA i

Based on available information on lead absorption in humans and animals, the U.S. Environmental
Protection Agency (USEPA) estimates that the absolute bioavailability of lead from water and other fully
soluble forms of lead is usually about 30% in children (USEPA, 1991) and about 20% in adults (USEPA.
2003). Thus, when a reliable site-specific RBA value for soil is available, it may be used 1o estimate a
site-specific absolute bioavailability in that soil. as follows:

ABA, (child) = 50% RBA
ABA; (adult) = 20% RBA,,

The default RBA used by USEPA for lead in soil and dust compared to lead in water is 60% tor both
children and adults. When the measured RBA in soil or dust at a site is found to be less than 60%
compared to some fully soluble form of lead, it may be concluded that exposures to and hazards from lead
in these media at that site are probably lower than the typical default assumptions. [f the measured RBA
is higher than 60%, absorption of and hazards from lead in these media may be higher than usually
assumed.

- 2. LEAD BIOAVAILABILITY AND BIOACCESSIBILITY STUDIES
2.1 INVIVO STUDY
211 Study Design
The study design was patterned atter the standardized study protocol for measuring relative

bioavailability of lead (USEPA, 2004a) using the juvenile swine model. The basic design for the 12-
month and 24-month test samples is presented in Table 2-1. As shown, the study investigated lead



absorption from lead acetate (the reference material) and one soil sample (the test material). Each
material was administered to groups of five animals at three difterent dose levels for 13 days (a detailed
schedule for the 12-month study is presented in Appendix A, Table A-1, and a detailed schedule tor the
24-month study is presented in Appendix C. Table A-1). Additionally. both the 12-month and 24-month
studies included a non-treated group of three animals to serve as a control for determining background
lead levels. All doses were administered orally. The study was performed as nearly as possible within
the spirit and guidelines of Good Laboratory Practices (GLP: 40 CFR 792).

Table 2-1. In vivo study design.

Study design for test material weathered for 12-months

Group Number of Animals Dose Material Lead Dose (pg/kg-day)
Administercd Target etual®

1 3 Control 0 0

2 5 Lead Acetate 25 253
3 3 Lead Accetate 75 76.3
4 4t Lead Acetate 225 226.7
5 3 Test Material 75 77.1
6 hl Test Material 225 230.13
7 b Test Material 675 685.91

Study design for test material weathered for 24-months

1 3 Control 0 0.0
2 5 Lead Acctate 25 257
3 5 Lead Acctute 75 77.5
4 5 |.ead Acetate 225 230.9
h) 5 Test Malcrial 75 774
6 5 Test Muterial 225 230.7
7 5 Test Material 675 693.0

a

Notes: * Calculated as the administered daily dose divided by the measured or extrapolated daily body weight. averaged over

days 0-14 for cach animal and cach group.

® One pig in group dicd: value shown is number of animals at completion of study (i.e.. number included in data
analysis).
Doses were administered in two equal portions given at 9:00 am and 3:00 p.m. each day. Doses werc based on the
mean weight of the animals in each group. and were adjusted every three days to account for weight gain.

2.1.2 Test Material
21.21 Sample Description

The test material for the 12-month study consisted of a soil sample designated “HER-2930" collected
from the Herculaneum Lead Smelter test plot after 12-months of weathering in May 2005. The test
material for the 24-month study consisted of a soil sample designated “HER-3201"" collected from the
Herculaneum Lead Smelter test plot after 24-months of weathering in May 20006.

21.2.2 Sample Preparation
Both the 12-month and 24-month soil samples were air-dried and sieved through a 250-micrometer (jum)

sieve prior to test substance analysis and characterization. Only material that passed through the sieve
(corresponding to particles smaller than about 250 pm) were used in the bicavailability studies. The
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studies were limited to this fine-grained soil fraction because it is believed that soil particles less than
about 230 pm are most likely to adhere 1o the hands and be ingested by hand-to-mouth contact, especially
in young children.

2.1.2.3 Lead Concentration

The concentration of lead in the soil test material after it had weathered for 12-months was measured in
triplicate by inductively coupled plasma-optical emission spectrometer {after digestion of the material by
EPA SW-846 Method 3051). The resulting mean lead value in the sample weathered for 12-months was

2,021 ng/e.

The concentration of lead in the soil test material after weathering for 24-months was also measured in
triplicate by inductively coupled plasma-optical emission spectrometer. The resulting mean lead
concentration in the 24-month sample was 2.131 pg/e.

2.1.3 Experimental Animals

Juvenile swine were selected for use in both the 12-month and 24-month studies because they were
considered to be a good physiological model for gastrointestinal absorption in children (Weis and
LaVelle, 1991; Casteel et al., 1996). The animals were intact males of the Pig Improvement Corporation
(PIC) genetically defined Line 26, and were purchased from Chinn Farms, Clarence, Missouri {or both
studies.

The number of animals purchased for each study was several more than required by the protocol. These
animals were purchased at an age of about 3-6 weeks (weaning occurs at age 3 weeks) and housed in
individual lead-{ree stainless steel cages. The animals were then held under quarantine for one week to
observe their health before beginning exposure to test materials. Each animal was examined by a
certified veterinary clinician (swine specialist) and any animals that appeared to be in poor health during
this quarantine period were excluded from the study. To minimize weight variations among animals and
groups, extra animals most different in body weight (either heavier or lighter) four days prior to exposure
(day -4) were also excluded from the study. The remaining animals were assigned to dose groups at
random (group assignments are presented in Appendix A, Table A-2 for the 12-imonth study and
Appendix C, Table A-2 for the 24-month study).

When exposure began (day zero) for the |2-month study, the animals were about 6-7 weeks old and
weighed an average of about 11.1 kg. The animals were weighed every three days during the course of
the study. On average, animals gained about 0.45 kg/day and the rate of weight gain was comparable in
alt dosing groups, ranging from 0.38 to 0.51 kg/day. These body weight data for the 12-month study are
summarized in Figure 2-1a and are also presented in Appendix A, Table A-3.

All animals were examined daily by an attending veterinarian while on study. Most animals (N = 21)
exhibited no problems throughout the study. Several animals (N = [2) were treated for illness (e.g., fever,
inappetence, diarrhea) with Naxcel (see Appendix A, Table A-4). In addition, one animal died during the
course of the 12-month study (see Appendix A, Table A=4); data from this animal was exciuded from all
data analyses (Casteel et al., 2006).
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Figure 2-1a. Body weight gain for the 12-montlr study.

When exposure began (day zero) for the 24-month study, the animals were about 6-7 weeks old and
weighed an average of about 11.2 kg. The animals were weighed every three days during the course of
the study. On average, animals gained about 0.36 kg/day and the rate of weight gain was comparable in
all dosing groups, ranging from 0.26 10 0.47 kg/day. These body weight data are summarized in Figure 2-
1b and are also presented in Appendix C, Table A-3.
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Figure 2-1b. Body weight gain for 24-month study.

All animals were examined daily by an attending veterinarian while on study. Although most animals
exhibited no problems throughout the 24-month study. several animals (N = 9) were treated for illness
(e.g., fever, inappetence. diarrhea) with Naxcel. Animal health details are presented in Table A-4 of
Appendix C.

2.1.4 Diet

For the 12-month study, animals were weaned onto standard pig chow (purchased from MFA Inc.,
Columbia, Missouri) by the supplier. In order to minimize [ead exposure from the diet, the animals were
gradually transitioned from the MFA feed 1o a special low-lead feed (guaranteed less than 0.2 ppm lead,
purchased from Zeigler Brothers, Inc., Gardners, Pennsylvania), and this feed was maintained for the
duration of the study. The feed was nutritionally complete and met all requirements of the National
Institutes of Health—National Research Council. The typical nutritional components and chemical
analysis of the feed are presented in Table 2-2a. Each day every animal was given an amount of feed
equal 1o 5% of the mean body weight of all animals on study through day 2; beginning on day 3, the feed
portion was changed to 4.5% of the mean body weight of all animals on study, as the animals had not
been consuming all their feed. Feed amounts were adjusted every three days, when pigs were weighed.
Feed was administered in two equal portions at 11:00 AM and 5:00 PM daily. Analysis of random Jow-
lead feed samples indicated that the lead level did not exceed 0.05 ng/g.
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Table 2-2a. Typical feed composition for the {2-month study.

Nutrient Name Amount Nutricnt Name Amount
Protein 20.1021% Chlorine 0191 1%
Arginine 1.2070% Magnesium 0.0533%
Lysine 1.4690% Sulfur 0.0339%
Methionine 0.8370% Manganese 204719 ppm
Met+Cys 0.5870% Zine 118.0608 ppin
Tryptophan 0.2770% Iron 135.3710 ppm
Histidine 0.5580% Copper 8.1062 ppm
Leucine 1.8160% Cobalt 0.0110 ppm
Isoleucine 1.1310% lodine 0.2075 ppm
Phenylalanine 1.1050% Sclenium 0.3196 ppm
Phe+Tyr 2.0500% Nitrogen Free Extract 60).2340%
Threonine 0.8200% Vitamin A 5.1892 klU/kp
Valine 1.1910% Vitamin D3 0.6486 klU/kg
Fai 4. 4440% Vitamin E §7.2080 1U/kg

Saturated Iat

0.5590%

Vitamin K

0.9089 ppm

Unsaturated Fat

3.7410%

Thiamine

9.1681 ppm

linoleic 18:2:6

1.9350%

Ribotlavin

10.2290 ppm

Linoleic 18:3:3

0.0430%

Niucin

30.1147 ppm

Crude Fiber

3.8035%

Pantothenic Acid

19.1250 ppm

Ash

4.3347%

Choline

1019.8600 ppm

Calcium

0.8675%

Pyridoxine

§.2302 ppm

Phos Total 0.7736% Folacin 2.0476 ppm
Available Phospharous 0.7005% Biotin 0.2038 ppm
Sodium 0.2448% Vitamin B12 23.4416 ppm
Potassium 0.3733%

Feed obtained from and nutritional values provided by Zeigler Bros.. Inc.

Drinking water was provided ad libitum via self-activated watering nozzles within each cage. Analysis of
samples from randomly selected drinking water nozzles indicated the lead concentration did not exceed 3

ug/l.

For the 24-month study, animals were weaned onto standard pig chow (purchased from MFA Inc.,
Columbia, MO) by the supplier. In order to minimize lead exposure from the diet, the animals were
gradually transitioned from the MFA feed to a special purified low-lead feed (purchased from TestDiet”,
Richmond, IN) that was different than, but comparable to the feed used during the 12-month study. The
transition period began several days before soil dosing began, and this feed was maintaincd for the
duration of the 24-month study. The feed was nutritionally complete and met all requirements of the
National Institutes of Health-National Research Council (NRC, 1988); the ingredients and nutritional
profile of the feed are presented in Table 2-2b. [Each day every animal was given an amount of feed equal
to 4% of the mean body weight of ail animals on study. Feed amounts were adjusted every three days,
when pigs were weighed. Feed was administered in two equal portions at 11:00 AM and 5:00 PM daily.
Analysis of random low-lead feed samples indicated that the lead level did not exceed 0.06 ng/e.



Table 2-2b. Tvpical feed composition for 24-month study.

Test Diet STXP:

Porcine Grower Purified Dicet with Low Lead

INGREDIENTS
Corn Starch. % 252 Potasstum Phosphate. % 0.87
Sucrose. % 20.9648 Calcium Carbonate. % (.7487
Glucose. % 16 Sali. % 0.301
Soy Protein Isolate. %o 14.9899 Magnesium Sulfate. % 0.1245
Cascin — Vitamin Free. % 8.5 DL-Methionine. %o 0.0762
Powdcred Cellulose. %o 0.7208 Clioline Chloride. % 0.0586
Corn Oil. % 34046 Vitamin/Mineral Premix. % 0.0577
Dicalcium Phosphate. % 1.7399 Sodium Sclenite, % 0.0433

NUTRITIONAL PROFILE '

Protein, % 21 Fat, %% 3.5
Arginine, % 1.42 Cholesterol. ppm 0
Histidine. % 0.61 Linoleic Acid, % 1.93
Isoleucine. % 1.14 Linolenic Acid. %o 0.03
Leucine. % 1.95 Arachidonic Acid. % 0
Lysine, % 1.56 Omega-5 Fatly Acids. % 0.03
Methionine. % 0.49 Total Saturated Farty Acids. % 0.43
Cystine. % 0.23 Totul Monounsaturated Fatty Acids, % 0.82
Phenylalanine. % 1.22 Polyunsaturated Futty Acids. % 1.98
Tyrosine. % 1.03
Threonine. % 0.88%

Tryptophan. % 0.32 Fiber (max), % [ 6.8
Valine, % 116

Alanine, % 0.95 Carbohvydrates, % I 62.2
Aspartic Acid. % 2.33

Glutamic Acid. % 4.96 Encrgy (keal/g)? 3.62
Glycine. % 0.79 IFrom: keal Yo
Proline. % 1.83 Protein 0.84 23.1
Serine, % 1.25 I7at {cther extract) 03135 8.7
Taurine, % 0 Carbohydrales 2.487 68.3

Minerals Vitamins
Calcium. % 0.8 Vitamin A, 1U/g 1.
Phosphorus. % 0.72 Vitamin 0-3 (added). [U/g 0.2
Phosplhorus (available). % 0.4 Vitamin E. IU/kg 11
Potassium. % 0.27 Vitamin K (as menadione). ppm 0.52
Magnesium, % 0.04 Thiamin Hydrochloride, ppm i
Sodium. % 0.3 Ribonavin, ppm 3.1
Chiorine. % 0.31 Niacin. ppm 13
Fluorine, ppm 0 Pantothenic Acid. ppm 9
Iron, ppm 82 Folic Acid, ppm 3
Zinc. ppm 84 Pyridoxine. ppm 1.7
Manganese, ppm 3 Biotin. ppm 0.1
Copper, ppm 4.9 Vitamin B-12, mcg/kg 15
Cobalt, ppm 0.1 Choline Chloride. ppm 410
lodine, ppm 0.15 Ascorbic Acid. ppin 0
Chromium, ppm 0
Molybdenum, ppm 0.01
Selenium, ppm 0.26

1 Based on the latest ingredient analysis information. Since nutricnt composition of natural ingredients varies, analysis will

differ accordingly. Nutrients expressed as percent of ration on an As Fed basis except where otherwise indicated.
2 Energy (kcal/gm) — Sum of decimal fractions of protein, fat, and carbohydrate x 4, 9, 4 kcal/gim, respectively.
Note: Feed obtained and nutritional values provided by TestDiet®




Drinking water was provided ad libitum via sell-activated waltering nozzles within each cage. Analysis of
samples from randomly selected drinking water nozzles indicated the lead concentration did not exceed
1.6 ug/l.



2.1.5 Dosing

The protocol for exposing animals to lead is shown in Table 2-1 for both the 12-month study and the 24-
month study. The dose levels for lead acetate were based on experience from previous swine investigations
that showed that lead doses of 25-225 ng/ke-day resulted in clear and measurable increases in lead levels in
all endpoints measured (blood, liver, kidney, and bone). The actual administered doses were calculated
based on the lead content of the material administered and the measured group mean bodyv weights.
Specifically, doses of lead for the three days following each weighing were based on the group mean
body weight adjusted by the addition of | kg to account tor the expected weight gain over the time
interval. After completion of the study, body weizhts were estimated by interpolation for those days
when nmieasurements were not collected and the actual administered doses were calculated for each day
and then averaged across all days. The actual mean doses for each dosing group are included in Table 2-
I; the actual lead doses administered to each pig are presented in Appendix A, Table A-3 for the 12-
month study and Appendix C. Table A-3 for the 24-month study.

Animals were exposed 1o lead acetate or the test material for 15 days, with the dose for each day being
administered in two equal portions beginning at 9:00 AM and 5:00 PM (two hours before feeding). with
two minute intervals allowed for individual pig dosing. Dose material was placed in the center of a small
portion (about 5 grams) of moistened teed (this is referred to as a “doughball™), and this was administered
to the animals by hand'. If uneaten portions of doughballs were discovered, these were retrieved and
offered again for consumption. Occasionally. some animals did not consume their entire dose. In these
instances, the missed doses were estimated and recorded and the time-weighted average dose calculation
for each animal was adjusted downward accordingly (see Appendix A, Table A-3 for these details for the
12-month study and Appendix C, Table A-3 for these details for the 24-month study).

2.1.6 Collection of Biological Samples

For both the 12-month and 24-month studies, the protocols used for collection of biological samples were
identical. Samples of blood were collected from each animal on the first day of exposure (day 0) and on
days 1,2.3,5.7,9, 12, and 15 following the start of exposure. All blood samples were collected by
vena-puncture of the anterior vena cava, and samples were immediately placed in purple-top Vacutainer®
tubes containing EDTA (ethylenediaminetetra-acetic acid) as anticoagulant. Although EDTA isa
chelator of metals, the nitric acid digest used in the analysis destroys the organic constituents in the bleod,
thereby freeing all lead for analysis. Thus. the presence of EDTA in the sampling tubes will not impact
the analytical results for lead. Blood samples were collected each sampling day beginning at §:00 AM,
approximately one hour before the first of the two daily exposures to lead on the sampling day and 17
hours afier the last lead exposure the previous day. This blood collection time was selected because the
rate of change in blood lead resulting from the preceding exposures is expected to be relatively small after
this interval (LaVelle et al., 1991; Weis et al.. 1993), so the exact timing of sample collection relative to
the last dosing is not likely to be critical.

Following collection of the final blood sample on day 13, all animals were humanely euthanized and
samples of liver, kidney, and bone (the right femur, defleshed) were removed and stored at -80 °C in lead-
free plastic bags for lead analysis.

Samples of all biological samples collected were archived in order to allow for reanalysis and verification
of lead levels, if needed. All animals were also subjected to detailed examination at necropsy by a
certified veterinary pathofogist in order to assess overall animal health.

' Doughballs were kept as small as possible. About one-third of the way through the 12-month study, the dose for
Group 7 (high dose soil) was split between two doughballs.
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2.1.7 Preparation of Biological Samples for Analysis

The prepararion of biological samples for analysis was identical for the 12-month and 24-month studies.
The procedures used are described in the sections below.

2.1.7.1 Blood

_ One mL of whole blood was removed from the purple-top Vacutainer® tube and added to 9.0 mL of
“matrix modifier,” a solution recommended by the Centers for Disease Control and Prevention (CDCP)
for analysis of blood samples for lead. The composition of matrix modifier is 0.2% (v/v) ultrapure nitric
acid, 0.5% (v/v) Triton X-100, and 0.2% (w/v) dibasic ammonium phosphate in deionized distilled water.

21.7.2 Liver and Kidney

One gram of soft tissue (liver or kidney) was placed in a lead-free screw-cap Teflon container with 2 mL
of concentrated (70%) nitric acid and heated in an oven to 90 °C overnight. After cooling, the digestate
was transferred to a clean lead-free 10 mL volumetric tlask and diluted to volume with deionized distilled
water.

21.7.3 Bone

The right femur of each animal was detleshed, broken, and dried at 100 °C overnight. The dried bones
were then placed in a muffle furnace and dry-ashed at 450 °C for 48 hours. Following dry ashing, the
bone was ground to a fine powder using a lead-free mortar and pestle, and 200 img was removed and
dissolved in 10.0 mL of 1:1 (v:v) concentrated nitric acid/water. After the powdered bone was dissolved
and mixed, 1.0 mL of the acid solution was removed and diluted to 10.0 mL in deionized distilled water.

2.1.8 Lead Analysis

Samples of biological tissue (blood, liver, kidney, and bone) and other materials (e.g., food, water,
reagents, solutions) from the 12-month and 24-month study were analyzed for lead by graphite furnace
atomic absorption using a Perkin Elmer AAnalyst 800 high-performance atomic absorption spectrometer.
Internal quality assurance samples are described in Section 2.3 of this report .

All analytical results were reported in units of pig Pb/L (ng/mL) of prepared sample. The quantitation
limit was defined as three-times the standard deviation of a set of seven replicates of a Jow-lead sample
(typically about 2-5 ng/L). The standard deviation was usually about 0.3 11g/L. so the quantitation limit
was usually about 0.9-1.0 pg/L. For prepared blood samples (diluted 1/10), this corresponds 1o &
quantitation limit of 10 pg/L (1 pg/dL). For soft tissues (liver and kidney, diluted 1/10), this corresponds
to a quantitation limit of 10 pg/kg (ng/g) wet weight, and for bone (diluted 1/500) the corresponding
quantitation limit is 0.5 pg/g (ng/mg) ashed weight. All responses below the quantitation limit were
evaluated at one-half the quantitation limit.

Lead analytical results for 12-month study samples are presented in Appendix A, Table A-3; the results
for quality assurance samples are presented in Appendix A, Table A-6, and are summarized below
(Casteel et al., 2006a). Lead analytical results for 24-month study samples are presented in Appendix C,
Table A-5; the results for quality assurance samples are presented in Appendix C, Table A-6, and are
summarized below (Casteel et al., 2006b) in Section 2.3.



2.2 IN VITRO BIOACESSABILITY STUDY

In addition to the in vivo work using young swine. in vitro determinations were performed by Dr. John
Drexler of the University of Colorado on both the [2-month and 24-month test soils. In vitro methods
have been developed for measuring the portion of Pb solubilized from soil materials under simulated
gastrointestinal conditions (Ruby et al., 1996). These results. often referred to as the bioaccessible
fraction (BAF), are thought to be an important determinant of bioavailability. Thus, BAF is not
necessarily equal to RBA, but depends on the relation between results from a particular in vitro test
system and an appropriate in vivo model/test animal (Ruby et al., 1999).

The in vitro tests simulate the gastrointestinal environment via sequential extraction of Pb (from soil, etc.)
using strong acid and paraneutral aqueous solutions; these fluids mimic the pH conditions found in the
stomach and small intestine, respectively. The extractis filtered (0.45 pm) and then analyzed for its Pb
content. The mass of Pb found in the aqueous phase, divided by the Pb mass introduced in the test,
represents the sample-specific BAF. To date. for Pb-contaminated soils. the in vitro method has
correlated well with the RBA values (USEPA. 2004a).

The in vitro bioaccessibility portion of the study used an EPA-approved method (extraction) and analysis
methodologies, plus quality assurance/quality control guidance (EPA, 2005). Essentially, the extraction
step uses 100 mL of pH 1.5 fluid (prepared using concentrated hydrochloric acid and containing 0.4
moles/liter glycine) and 1 gram of soil. The mixture is placed in a 123-mL high-density polyethylene
bottle, sealed, and then agitated at 30 revolutions per minute for 1 hour at 37 °C on a modified TCLP
extractor. Assuming maintenance of the above pH. the solution is passed through a 0.45-pum disk filter,
and then the filtrate is stored at 4 °C until analyzed. The solution is then analyzed for Pb using ICP-AES
{SW-846-6010B; USEPA, 2004b).

2.3 QUALITY ASSURANCE FOR THE IN VIVO STUDY
2.3.1 University of Missouri Activities

A number of quality assurance (QA) steps were taken during this project to evaluate the accuracy of the
analytical procedures. These activities are discussed below.

2.31.1 Spike Recovery

Randomly selected samples were spiked with known anmounts of lead (as lead acetate) and the recovery of
the added lead was measured. Recovery for individual samples ranged from 83% to 118%, with an
average of 99 + 8.1% (N = 34) for the 12-month study.

During the 24-month study, randomly selected samples were spiked with known amounts of lead (as lead
acetate) and the recovery of the added lead was measured. Recovery for individual samples ranged trom
85% to 115%, with an average of 98% + 7.7% (N = 49).

2312 Duplicate Analysis of Sample Digestate

Periodically during sample analysis for the 12-month study, samples were randomly selected for duplicate
analysis (i.e., the same prepared sample was analyzed twice). All duplicate results (N = 44) agreed within
+15% relative percent difference (RPD) (for analytical results greater than 10 pg/L) or 1 pg/L (for
analytical results less than or equal to 10 pg/L), as required by the analytical protocol.



Similarly, during sample analysis for the 24-month study. samples were randomly selected tor duplicate
analysis. Nearly all duplicate results (N = 43) agreed within £15% relative percent difference (RPD) or
=1 times the detection limit, as required by the analytical protocol. Two blood sample duplicates had
differences exceeding the detection limit by 1.2 and 2.2 pg/L; one liver sample duplicate had a RPD of
19%.

2313 Sample Preparation Replicates

A random selection of about 20% of all tissue samples generated during the [2-month study were
prepared for laboratory analysis in duplicate (i.e., two separate subsamples of blood/tissue were prepared
for analysis). The results for these replicate preparations are summarized in Figure 2-2a. As seen, the
analytical results for replicate pairs of blood samples (Panel A of Figure 2-2a) tend to follow the line of
equality, indicating that the replicate pairs are generally in good agreement. The absolute ditference
between replicate pairs of blood samples ranged from 0 to 3.0 ug/dL with an average of 0.65 pg/dL (N =
27). As seen, there was also good reproducibility between replicate samples for tissues (Panels B and C
of Figure 2-2a). The absolute difference between replicate pairs of liver and kidney samples ranged from
0 to 0.03 ng/g with an average of 0.01 ng/g (N = 6). The absolute ditference between replicate pairs of
femur samples ranged from 0.0 to 0.8 pg/g with an average of 0.33 pg/g (N =3).
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Figure 2-2a. Sample preparation replicates for the 12-month study.
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A random selection of about 9%% of all tissue samples generated during the 24-month study were prepared
for laboratory analysis in duplicate and submitted 1o the analytical laboratory in a blind fashion. The
results for these replicate preparations are summarized in Figure 2-2b. As seen, the analytical results for
replicate pairs of blood samples (Panel A of Figure 2-2b) tend to follow the line of equality. indicating
that the replicate pairs are generally in good agreement. The absolute difference between replicate pairs
of blood samples ranged trom 0.0 to 1.4 pg/dL with an average of 0.34 pg/dL (N =27). As seen. there
was also good reproducibility between replicate samples tor tissues (Panels B and C of Figure 2-2b). The
absolute difference between replicate pairs of tiver and kidney samples ranged from 0.0 to 0.05 pg/g with
an average of 0.01 pg/g (N = 6). The absolute ditference between replicate pairs of femur samples ranged
from 0.0 to 1.0 ng/g with an average of 0.40 pg/e (N = 3).
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Laboratory Control Standards

Laboratorv control standards (samples of reference materials for which a certified concentration of lead

has been established) were tested periodically during sample analysis for both the 12-month and 24-

month studies. Results for the standards are summarized in Table 2-3.

Table 2-3. Summary of laboratory control standards for the in vivo study.

Laboratory control standard vesults for the sample weathered for 12-months

Target Value . . - Mean %
Standard (Acceptable Range) Mean Range sD Recovery N
. 1 < 17.5 o N ' ey
ERA Quality Control Std 697. 1/5 (15.75 - 19.25) 18.2 16.3- 192 0.9 104.2% 17
. . 8.75
ERA Quality Control Std 697, 1/10 2990 $99 | 82-96 | U3 1027% | 43
1316
DOLT-3 (dogfish liver) 02703651 0255 | 0.24-027 | 0021 | 79.9% 2
TORT-2 (lobster hepatopancreas) 0 79':% 18) 0.26 0.24-0.27 0.019 72.9% 2
NIST SRM 1400 (bone ash) (S 92979 19) 9.09 - - 100.2% 1
0.010 < DL
Q. . . AMCrene ) o — - —
LUTS-1 (lobster hepatopancreas) (0.008 - 0.012) 0.01) 1
Laboratory control standard results for the sample weathered for 24-months
CDC 294 1.9 2.0 2.0-2 0 105.3 5
CDC 690 4.8 3.98 3.6-1.2 0.21 82,9 L
¢
NIST SRM 1400 (bone ash) 8 95)1)3) 19) 8.93 §.4-9.5 0.778 98.7 2
. 0.219 ; e
-3 or 32 29-0.3 8.8 2
DOLT-3 (dogfish liver) (0.274 — 0.365) 0.32 0.29-0.34 0.04 98.8
0.33 .
- ) ! I .32 28 03 5 . )
TORT-2 (lobster hepatopancreas) (0.22 - 0.48) 0.2 0.26-0.30 0.02 80.0 4

As seen, recovery of lead from these standards was generally good and within the acceptable range.

2.3.15 Blood Lead Check Samples

The CDCP provides a variety of blood lead “check samples” for use in quality assurance programs for
blood lead studies. Several CDCP check samples of different concentrations were analyzed periodically
during blood sample analysis for the 12-month and 24-month studies. The results for the 12-month study
are summarized in Figure 2-3a.




6 L3 ol Equally

Measured Lead (pyg/dL)
]

q *
2 Ea
e
[o JESA—— _
0 2 1 G 8 10 12 1 16

Nominal Concaotiatuin (pgfdl.)

Figure 2-3a. CDCP blood lead check samples for the 12-month study.
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Figure 2.3b. CDCP blood lead check samples for the 24-month study.

The results for all standards for both the 12-month and 24-month studies generally cluster around the line
of equality, but tend to be slightly lower than expected; the reason for this is not known.

2.3.1.6 Blanks

Samples of the sample preparation matrix for each endpoint (without added tissue) were routinely
analyzed for lead to ensure the absence of lead contamination. These matrix blanks never yielded a



measurable level of lead during the [2-month study, with all values being reported as less than | ug/L
(N = 60).

Similarly during the 24-month study, these matrix blanks never yielded a measurable level of lead, with
all values being reported as less than the detection limit (N = 23).Based on the results of all of the quality
assurance samples and steps described above. it is concluded that the analytical results are of sufficient

quality for derivation of reliable estimates of lead absorption from test materials.
2.3.2 Technical Systems Audit of the VMDL Activities by MSE

2.3.2.1 Introduction

On June 14, 20035. a technical systems audit (TSA) of procedures for field and subsequent laboratory
analytical activities for the /nvestigation of Lead-Contaminated Soils and Lead Ore Concentrate
Bioavailability Rares, Subtask 2- Determination of Lead Ore Concentrate Bioavailability Rates. Regional
Applied Research (RARE) Project was performed at the UM/VMDL in Columbia, Missouri. The audit
was conducted by Ken Reick of MSE Technology Applications, Inc. (MSE). The criterion upon which
the TSA was based was the approved project-specific quality assurance project plan (QAPP), as well as
universally recognized good field and laboratory practices.

2.3.2.2 Audit Procedures

The TSA commenced at 8:15 AM and concluded at 4:10 PM. The scope of the TSA included:

- personnel;

- equipment;

— documentation (logbooks and chain-of-custody forms):
— sampling procedures;

- analytical procedures; and

— procedural completeness.

There were no TSA findings or observations for any of the above areas. Findings are defined as: non-
conformances at the project level that may have a significant adverse effect on quality. Observations are
defined as: non-conformances at the project level that may not have a significant adverse eftect on
quality. Additional technical comments are defined as: items identified during the course of the audit that
were not specified in the QAPP, but should be addressed to improve the operation of the project.

2.3.2.3 Audit Results

Personnel

The personnel present during the review were Ken Reick (MSE QA StafY), Dr. Stan W. Casteel, Margaret
Dunsmore, Ashley Akeman, John Borzillo, and Dr. Genny Fent. Dr. Casteel is the UM/VMDL
representative and is an internationally-recognized veterinary toxicologist. Ms. Dunsmore is the
UM/VMDL QA Officer and analytical chemist with extensive experience in these fieids. Dr. Fent is a
doctor of veterinary medicing, Ms. Akeman is working on her Animal Science degree, and Mr. Borzillo is
an Animal Science graduate and will enter Veterinary School in the fall. All of these personnel were well
versed in their project responsibilities.
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There were no findings. observations. or technical comments for this portion of the TSA.
Equipment Description

The young swine used in the in vivo bioavailability studies are kept in separate stainless steel lead-free
cages. The equipment used for obtaining blood samples consists of a syringe and Vacutainer tubes. The
equipment used for analyzing the blood, soil, tissue, and bone samples is an AA Analyst - 800 Perkin
Elmer THGA graphite furnace atomic absorption spectrophotometer.

Following the collection of blood samples (discussed in Section 2.1.6), swine dosing commenced at 9:00
AM. Each swine was dosed at two-minute intervals. At 11:00 AM, feeding commenced. This was also
at two-minute intervals. Equipment used were scales and a feeding tray in tront of each cage. There were
no findings, observations or technical comments for this portion of the TSA.

Documentation

All sampling information was recorded in a loghook and backed up electronically. Sample labeling
information was prerecorded on the Vacutainers.

A chain-of-custody for soil samples delivered to the UM/VMDL from Lincoln University was examined.
All of the required information was on the chain-of-custody form.

There were no findings or observations for this portion of the TSA.

Sampling Procedures

The only sampling procedures that were observed during the TSA were obtaining blood samples. The
pigs are picked up by their hind legs and placed on their back on a concave pillow underneath a plastic
sheet. The person operating the syringe holds the pig’s mouth shut as blood is being drawn. The

Vacwtainer tubes are refrigerated atter collection.

The sampling procedures went smoothly and were carried out professionally. There were no findings and
or observations in this portion of the TSA.

Laboratory Analytical Procedures
Although there were no analytical laboratory procedures being conducted on the day of the TSA, Ms.
Dunsmore, Dr. Casteel and Dr. Fent explained the analytical procedures and provided documentation that

is used, including applicable SOPs. Ms. Dunsmore also operated the Perkin Elmer AA and explained the
various software programs that operate the instrument.

There were no findings or observations for this portion of the audit.

Procedural Completeness

During the TSA, which included reviews of the SOPs used by the staft, it was discovered that the
procedures contained in the project QAPP, particularly the SOPs, are not entirely compatible with the
procedures being used at the UM/VMDL. It was apparent that thorough reviews of the various drafts of

the QAPP were not adequately performed. This is a technical comment.

Recommended corrective actions resulting from the audit are summarized below:



*  Review the QAPP for correctness as drafis become available and inform the person writing the
QAPP of any inconsistencies or deficiencies.

*  UM/VMDL personnel should make available to MSE QA personnel all the pertinent SOPs being
used for this study so that the QAPP can be updated.

24 QUALITY ASSURANCE FOR THE IN VITRO STUDY

Quality assurance was a focus of the in vivo studies at UM/VMDL. The in vitro studies also included
activities to produce data of documented quality.

2.41 Extraction Fluid Analysis

Filtered samples of extraction fluid were stored in a refrigerator at 4 °C until they were analyzed (within |
week of extraction). Filtered samples were analyzed for lead by ICP-AES or [CP-MS (EPA Method 6010
_or 6020). Method detection timits (MDLs) in extraction fluid were calculated to be 19 and 0.1 pg/L for
Methods 6010 and 6020, respectively (USEPA. 2004b).

2.4.2 Quality Control/Quality Assurance

Quality assurance for the extraction procedure consisted of the following quality control samples for the
12-month and 24-month studies.

* Reagent Blank — extraction fluid analyzed once per batch.

* Bottle Blank — extraction fluid only (no test soil) run through the complete procedure at a
frequency of I in 20 samples.

* Blank Spike — extraction {luid spiked at 10 mg/L. lead, and run through the complete procedure at
a frequency of | in 20 samples.

°  Matrix Spike — a subsample of each material used for duplicate analyses was used as a matrix
spike. The spike was prepared at 10 mg/L and run through the extraction procedure at a
frequency of I in 10 samples.

»  Duplicate Sample — duplicate sample extractions were performed on | in 10 samples.

*  Control Soil — National Institute of Standards and Testing (NIST) Standard Reference Material
(SRM) 2711 (Montana Soil) was used as a control soil. The SRM was analyzed in triplicare.

Control limits for these quality control samples are shown in Table 2-4.

Table 2-4. Summary of quality control limits for the in vitro study.

Analysis Frequency Control Limits
Reagent blank once per batch <23 pe/L lead
Bottle blank 30 < 50 pg/l lead
Blank spike (10 mg/L) 5% 8§53%-115% recovery
Matrix spike (10 mg/L) 10% 75%-125% recovery
Duplicate sample 10%% +20% RPD*?
Control soil (NIST 2711) 5% +10% RPD ®

Note: * RPD = relative percent difference

To evaluate the precision of the in vitro bicaccessibility extraction protocol, approximately 67 replicate
analyses of both NIST SRM 2710 and 2711 have been conducted over a period of several months. Both



standards vield highly reproducible results, with a mean coeflicient ot variation of about 6%. All quality
control sample results were within acceptable ranges for both the 12-month and 24-month in vitro studies.

2.5 FIELD CONTAMINATION CHECK

In September 2006. preliminary results using a field x-ray fluorescence (XRF) device indicated that the
chicken wire that was used to cover the test plots contained approximately 700 ppm Pb. A sample of the
chicken wire was then collected and analyzed in the laboratory by method EPA Region 7 RLAB Method
3122.3B. The laboratory results indicated that there was no detectable lead in the chicken wire (<10
mg/kg). The high field results for XRF analysis of the chicken wire may have resulted from an
interference with the zinc contained in this galvanized chicken wire.

As further evidence that the using this chicken wire to cover the test plots did not impact the study results,
the control plot Pb concentrations did not change significantly during the two-year study period. These

results are summarized in Table 2-5.

Table 2-5. Summary of Pb concentrations in control plot before and after study

Sample Description Date Collected Sample ID Total Lead Results (mg/kg)
Herculaneum Pb Smelter Site Conitrol plot soil 5/12/04 HER-2629 30
Herculaneum Pb Smelter Site Control plot soil 9/29/06 101 244
Herculancum Pb Smelter Site Control plot soil 9/29/00 102 28.2

As demonstrated by the results in Table 2-5, the control plot concentrations did not change significantly.
which would have been expected if there was a substantial concentration of Pb in the chicken wire used to
cover the test plots.

3. DATA ANALYSIS

Data analysis procedures were identical for the 12-month and 24-month studies. These procedures are
discussed in the sections below,

3.1 OVERVIEW

The basic approach for measuring lead absorption in vivo is to administer an oral dose of lead to test
animals and measure the increase in lead level in one or more body compartments (e.g., blood, soft tissue,
bone). In order to calculate the RBA value of a test material, the increase in lead in a body compartment
is measured both for that test material and a reference material (lead acetate). Because equal absorbed
doses of lead (as Pb*?) will produce equal responses (i.e., equal increases in concentration in tissues)
regardless of the source or nature of the ingested lead, the RBA of a test material is calculated as the ratio
of doses (test material and reference material) that produce equal increases in lead concentration in the
body compartment. Thus. the basic data reduction task required to calculate an RBA for a test material is
to fit mathematical equations to the dose-response data for both the test material and the reference
material, and then solve the equations to find the ratio of doses that would be expected to yield equal
responses.

Some biological responses to lead exposure may be non-linear functions of dose (i.e.. tending to flatten
out or plateau as dose increases). The cause of this non-linearity is uncertain but might be due either to
non-linear absorption kinetics and/or to non-linear biological response per unit dose absorbed. However,
the principal advantage of the approach described above is that it is not necessary to understand the basis

]
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for a non-linear dose response curve (non-linear absorption and/or non-linear biclogical response) in
order to derive valid RBA estimates; in addition, this approach is general and yields reliable results for
both non-linear and linear responses.

A detailed description of the curve-fitting methods and rationale. along with the methods used to quantify
uncertainty in the RBA estimates for the test material, are presented in USEPA (2004a) and are
summarized below.

3.2 MEASUREMENT ENDPOINTS

Four independent measurement endpoints were evaluated based on the concentration of lead observed in
blood, liver, kidney, and bone (femur). For liver. kidney, and bone, the measurement endpoint was
simply the concentration in the tissue at the time of sacrifice (day 15). The measurement endpoint used to
quantify the blood lead response was the area under the curve (AUC) for blood lead vs. time (days 0-13).
AUC was selected because it is the standard pharmacokinetic index of chemical uptake into the blood
compartment, and is relatively insensitive to small variations in blood lead level by day. The AUC was
calculated using the trapezoidal rule to estimate the AUC between each time point that a blood lead value
was measured (days 0, 1,2,3,5.7,9. 12, and 13):

AUC(d, 1o dJ) =0.5- (r,+1)- (dl - dl)
where:

d = day number
r = response (bload lead value) on day i (1;) or day j (r7)

The areas were then summed across all time intervals in the study to yield the final AUC for each animal.

Occasionally blood lead values are obtained that are clearly different than expected. Blood lead values
that were more than a factor of 1.5 above or below the group mean for any given day were flagged as
potential outliers and are shaded in Appendix A, Table A-7 for the 12-month study and Table A-7 in
Appendix C for the 24-month study. Each data point identified in this way was reviewed and
professional judgment was used to decide if the value should be retained or excluded. In order to avoid
inappropriate biases. blood lead outlier designations are restricted to values that are clearly aberrant from
a time-course and/or dose-response perspective. In both the 12-month and 24-month studies. no values
were judged to be a clear outlier; all blood lead data were included in the calculation of AUC.

3.3 DOSE-RESPONSE MODELS

3.3.1 Basic Equations

It has been shown previously (USEPA, 2004a) that nearly all blood lead AUC dala sets can be well-fit
using an exponential equation and most tissue (liver, kidney, and bone) lead data can be well-fit using a

linear equation, as follow:

Linear (liver, kidney, bone): Response =a + b - Dose
Exponential (blood lead AUC): Response=a+ Db - [ - exp(-c - Dose)]

3.3.2 Simultaneous Regression



Because the data to be analvzed consist of three dose-response curves for each endpoint (the reference
material and two test materials) and there is no ditference between the curves when the dose is zero. all
three curves for a given endpoint must have the same intercept. This requirement is achieved by
combining the two dose response equations into one and solving for the parameters simultaneously.
resulting in the following equations:

Linear: y=a + box; + by

Exponential:  v=a+Db [ (l-exp(-c,x.)) + (1-exp(-cox)) |
where:

y = response
x = dose
a, b, ¢ = empirical coefficients for the reference material (r) and test material (1).

All linear model fitting was performed in Microsoft® Office Excel using matrix functions. Exponential
SAS”.
3.3.3 Weighted Regression
Regression analysis based on ordinary least squares assumes that the variance of the responses is
independent of the dose and/or the response (Draper and Smith. 1998). It has previously been shown that
this assumption is generally not satistied in swine-based RBA studies, where there is a tendency toward
increasing variance in response as a tunction of increasing dose (heteroscedasticity) (USEPA, 2004a). To
deal with heteroscedasticity, the data are analyzed using weighted least squares regression. In this
approach, each observation in a group of animals is assigned a weight that is inversely proportional to the
variance of the response in that group:

w; = (")
where:

w; = weight assigned to all data points in dose group i
pl . ~ ~ . . .
o7 = variance of responses of animals in dose group i

(Draper and Smith, 1998).

As discussed in USEPA (2004a), there are several alternative strategies for assigning weights. The
preferred method identified by USEPA (2004a) and the method used in this study estimates the value of
% using an “external” variance model based on an analysis of the relationship between variance and

mean response using data consolidated from ten different swine-based lead RBA studies. Log-variance
increases as an approximately linear function of log-mean response for all four endpoints:

In(s?)=kl+k2-In(y.)
where:

2 . ~ ~ . . .
s,” = observed variance of responses of animals in dose group i

;= mean observed response of animals in dose group i

[
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Values of k1 and k2 were derived for each endpoint using ordinary least squares minimization, and the
resulting values are shown below:

Endpoint ki k2

Blood AUC  -1.3226 1.3516
Liver -2.6015 2.0999
Kidney —1.8499 1.9557
Femur -1.9715 1.6560

3.3.4 Goodness-of-Fit

The goodness-of-fit of each dose-response model was assessed using the F-test statistic and the adjusted
coefticient of multiple determination (Adj R7) as described by Draper and Smith (1998). A fitis
considered acceptable it the p-value is less than 0.03.

3.3.5 Assessment of Cutliers

In biological assays, it is not uncommon to note the occurrence of individual measured responses that
appear atypical compared to the responses from other animals in the same dose group. In this study,
endpoint responses that yielded standardized weighted residuals greater than 3.5 or less than -3.5 were
considered to be potential outliers (Canavos, 1984). When such data points were encountered in a data
sel, the RBA was calculated both with and without the potential outlier(s) excluded. and the result with
the outlier(s) excluded was used as the preferred estimate.

3.4 CALCULATION OF RBA ESTIMATES

3.4.1 Endpoint-specific RBA Estimates

Lead RBA values were estimated using the basic statistical techniques recommended by Finney (1978).
Each endpoint-specific RBA value was calculated as the ratio of a model coefficient for the reference
material data set and for the test material data set:

Linear endpoints: RBA, =b, /b,
Exponential endpoint: RBA,=¢ /¢,

The uncertainly range about the RBA ratio was calculated using Fieller’s Theorem as described by Finney
(1978).

3.4.2 RBA Point Estimate

Because there are four independent estimates ol RBA (one [rom each measurement endpoint) for a given
test material, the final RBA estimate for a test material involves combining the four endpoint-specific
RBA values into a single value (point estimate) and estimating the uncertainty around that point estimate.
As described in USEPA (2004a), analysis of data from multiple studies suggests that the four endpoint-
specific RBA values are all approximately equally reliable (as reflected in the average coefficient of
variation in RBA values derived from each endpoint). Therefore, the RBA point estimate for the test
material was calculated as the simple mean of all four endpoint-specific RBA values.
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The uncertainty bounds around this paint estimate were estimated using Monte Carlo simutation. Values
tor RBA were drawn from the uncertainty distributions for each endpoint with equal frequency. Each
endpoint-specific uncertainty distribution was assumed to be normal, with the mean equal to the best
estimate of RBA and the standard deviation estimated from Fieller’s Theorem (Finney, 1978). The
uncertainty in the point estimate was characterized as the range from the 3% to the 95" percentile of the

mean across endpoints.

4. RESULTS

4.1 CLINICAL SIGNS

The doses of lead administered in the 12-month and 24-month studies are below a level that is expected to
cause toxicological responses in swine. and no clinical signs of lead-induced toxicity were noted in any of
the animals used in either study.

4.2 BLOOD LEAD VS. TIME

Blood lead data for individual animals are presented in Appendix A, Table A-7 and Figure A-1 for the 12-
month study and Appendix C, Table A-7 for the 24-month study. Group mean blocd lead values as a
function of time for the 12-month study are shown in Figure 4-1a and the group mean blood lead values
as a function of time for the 24-month study are shown in Figure 4-1b.
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Figure 4-1a._Group mean blood lead by day for the 12-month study.
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As seen in both Figure 4-1a and 4-1b, blood lead values began at or below quantitation limits (about |
pg/dL) in all groups tor both the 12-month and 24-month studies, and remained at or below quantitation
fimits in contro} animals (Group 1. In animals given repeated oral doses of lead acetate (Groups 2-4) or
test soil (Groups 5-7). blood levels began to rise within 1-2 days, and tended to plateau by the end of the
study (day 13).

4.3 DOSE-RESPONSE PATTERNS

4.3.1 Variance

As discussed in Section 3.3, the dose-response data are analyzed using weighted least squares regression
and the weights are assigned using an “external” variance model (USEPA, 2004). As shown in Figure 4-
2a (12-month study) and 4-2b (24-month study), the variance of the data from these studies is generally
quite similar to that of the data used to generate the variance model for all four measurement endpoints.

4.3.2 Blood Lead AUC

As discussed in Section 3.2. the measurement endpoint used to quantify the blood lead response was the
area under the curve (AUC) for blood lead vs. time (days 0-15). The AUC determinations are presented
in Appendix A, Table A-8 for the 12-month study and Appendix C. Table A-8 for the 24-month study.

The blood lead AUC dose-response data were initially modeled using an exponential equation (see
Section 3.3); however, a solution could not be obtained with this mode] for the 12-month study.
Although most blood lead AUC data sets can be well-fit using the exponential model. occasionally blood
lead AUC data sets do not yield a solution or vield unstable solutions for the exponential model, as was
the case here. As discussed in USEPA (2004a), the difficulty in modeling such data sets appears to be
due to the fact that the data have relatively less curvature than most blood lead AUC data sets. Because
of this lack of curvature, it is not possible to estimate the exponential plateau value (b) with confidence.
which in turns makes it difficult to estimate the other parameters of the exponential model. In such cases,
there are several alternative evaluation methods, including a) using the model fits from a different
nonlinear model (e.g., power, Michaelis-Menton), b) using the fit for the linear model, and ¢) fitting the
data to the exponential model using a defined value for the plateau based on results from other data sets.
In USEPA (2004a), it was determined that the results (i.e., the RBA values based on the blood lead AUC
endpoint) were generally similar for all three of these approaches and it was concluded that the results
from the linear fit were an appropriate alternative to the exponential model in these cases. Therefore, the
linear model was used for the blood lead AUC dose-response data for the 12-month study. The results of
this fitting are shown in Figure 4-3a.

.
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Figure 4-2b. Variance models for 24-month study.

For the 24-month study, the exponential equation in Section 3.3 was used and an appropriate solution was
obtained. The results of this fitting are presented in Figure 4-3b. No blood lead AUC outliers were
identified in either study: no AUC data were excluded from the final evaluation of blood lead RBA.

'4.3.3 Tissue Lead

The dose-response data for lead in liver, kidney, and bone (imeasured at sacrifice on day 13) were
modeled using a linear equation (see Section 3.3). The results of these fittings are shown in Figures 4-4a
(liver), 4-5a (kidney), and 4-6a (femur) for the 12-month study and Figures 4-4b (liver), 4-5b (kidney),
and 4-6b (femur) for the 24-month study. One endpoint outlier was identified in the femur control group
(as indicated in Figure 4-6b) and was excluded for evaluation for lead RBA. The results with this outlier
excluded are presented in Figure 4-6¢.

44 CALCULATED RBA VALUES

Relative bioavailability values for these test soils were calculated for each measurement endpoint (blood
lead AUC, liver, kidney, and bone) using the method described in Section 3.4; the suggested point
estimate is calculated as the simple mean of the four endpoint-specific estimates. The results are shown
in Table 4-1 for both the 12-month and 24-month test soils.
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Figure 4-3a. Blood lead AUC dose-response: linear model (all data) for the 12-month study.
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Figure 4-4b. Liver lead dose-response (all data) for 24-month study.
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Tuble 4-1. Summary of cnd-

point specific RBA estimates,

Measurement Endpoint

Estimated Soil RBA
(90% Confidence Interval)

RBA estimates for soil v

veathered for 12-maointths

Bleod Lead AUC*
Liver Lead
Kidney Lead

(.75 (0.62 — 0.93)
1.01 (0.76 - 1.34)
0.84 (0.69 - 1.04)
0.69(0.61 - 0.79)
0.82(0.63 - 1.135)
veathered lor 24-months

0.90 (0.08 - 1.15)
0.78 (0.65 - 0.95)
0.77 (0.64 - 0.94)
0.82(0.68 - 1.00)
0.82(0.05- 1.02)

*Blood AUC data were it to the linear model tor the 12-month
sample.

Femur Lead

Point Estimate

RBA c¢stimates for soil v
Blood Lead AUC
Liver Lead
Kidney Lead

FFemur Lead

Point Estimate

/
2%

As seen, using lead acetate as a relative frame of reference, the RBA point estimate is approximately §
for the test soil for both the 12-month and 24-month studies.

4.5 UNCERTAINTY

The bioavailability estimates above are subject to uncertainty that arises from several different sources.
One source of uncertainty is the inherent biological variability between different animals in a dose group,
which in turn causes variability in the amount of lead in the tissues of the exposed animals. This
between-animal variability in response results in statistical uncertainty in the best-fit dose-response curves
and, hence, uncertainty in the calculated values of RBA. Such statistical uncertainty is accounted tor by
the statistical models used above and is characterized by the uncertainty range around the endpoint-
specific and the point estimate values of RBA.

However, there is also uncertainty in the extrapolation of RBA values measured in juvenile swine 1o
young children or adults, and this uncertainty is not included in the statistical confidence bounds above.
Even though the immature swine is believed to be a usetul and meaningtul animal model for
gastrointestinal absorption in children, it is possible that there are differences in physiological parameters
that may influence RBA and that RBA values in swine are not identical to values in children. In addition,
RBA may depend on the amount and type of food in the stomach, since the presence of food can
influence stomach pH, holding time, and possibly other factors that may influence lead solubilization. In
this regard, it is important to recall that RBA values measured in this study are based on animals that have
little or no food in their stomach at the time of lead exposure and, hence, are likely to yield high-end
values of RBA. Thus, these RBA values may be somewhat conservative for humans who ingest the soils
along with food. The magnitude of this bias is not known.

There were a few instances where some animals did not consume their entire dose during the 12-month
study (see Appendix A, Table A-3). However, the dosing technician observed each animal and attempted
10 estimate the fraction of dose not consumed; these estimates of missed doses were then used to adjust
the time-weighted average dose calculation for each animal downward. Because these estimates of
missed doses are subjective, they introduce some uncertainty; however, the magnitude of this uncertainty
is thought to be small. All calculations are based on actual administered doses (not target doses) to
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compensate for dosing errors. During the 24-month study. atl animals consumed their entire dose on
every occasion.

Finally, lower concentrations of both available-P and fiber occurred in the 24-month teed (Table 2-2b).
relative to those levels in the 12-month feed (Table 2-2a). Such difterence may have allowed higher
levels of systemic bioavailable Pb. as indicated by the higher Pb levels in blood and femur tissues in the
24-month study.

4.6 INVITRO BIOACCESSIBILITY RESULTS

The summary of the in vitro bioaccessibility results is shown in Table 4-2 for the 12-month study and
Table 4-3 for the 24-month study. Lead ore concentrate samples were composited and prepared by Dr.
Yang and submitted to Dr. Drexler at the University of Colorado for in vitro bioaccessibility testing. Dr.
Drexler performed the in vitro extraction in triplicate on =250 pum materials. For the 12-month sample.
Dr. Drexler independently determined the total lead in the -250 pm soil. For the 24-month sample, he
used the bulk concentration determined by Dr. Yang and did not verify the lead concentration.

Table 4-2. Summary of in vitro bioaccessibility results for the 12-month study.

Sample [ Weight | Solution Solution Ph Calculated rb Amount % Pb
1D of pH prior | pH after | concentration | Total Pb | concentration of Bioaccessibility
Sample to extraction | in <250 pm in soil in fluid Solution
extraction concentrite used (g following (L)
(mg/kg) Ph) extraction
(mg/L)

In Vitro Bioassay Results Summary using Dr. Drexler’s Lead Concentrations for Sample weathered 12-months
HER- 1.00021 b.54 1.57 2472 247 17.32 0.1 70
2930-1
HER- 1.00036 1.54 1.57 2465 247 17.06 0.1 69
2930-2
HER- 1.00036 1.54 1.57 2534 2.53 16.87 0.1 67
2930-3
Mean #standard deviation (n=3) 69+ 1.5

n Vitro Bioassay Results Summary using Average Bulk Lead Concentration for Sample Weathered 12-months

HER- 1.00021 1.54 1.57 2021 2.01 17.32 0.1 36
2930-1

HER- 1.00030 1.54 1.57 2021 2.02 17.006 0.1 84
2930-2

HER- 1.00036 1.54 1.57 2021 2.02 16.87 0.1 83
2930-3

Mean £standard deviation (n=3) 84+ 1.5

Table 4-3. Summary of in vitro hioaccessibility results for the 24-month study.

Sample | Weight | Solution Solution Ph Calculated Pb Amount | % Relative Pb
1D of pH prior | pH after | concentration | Total Phb | concentration of Bioaccessibility/
Sample to extraction in <250 nm in soil in fluid Solution Availability
extraction concentrate used (mg following (L)
(mg/kg) Ph) extraction
(mg/l.)
In Vitro Bioassay Results Summary using Average Bulk Lead Concentrations for Sample Weathered 24-months
HER- 1.00133 |~ 1.51 1.51 2131 2.13 19.17 0.1 90
3201-1
HER- 1.00205 1.51 1.51 2131 214 19.10 0.1 89




3201-2

HER- 1.00027 1.51 1.51 2131 213 I8.03 U1 87
3201-5
Mcan #standard deviation (n=3) 89« 1.5

For the 12-month soil, [VBA using the Pb concentrations determined at the University of Colorado was
69% x 1.5% (n=3). Using the bulk lead concentration for the 12-month test soil, the [VBA was §4% +
1.5% (n=3). For the 24-month study, the IVBA for the test soil using the bulk Pb concentration was 8§9%
+ 1.5% (n=3).

5. DISCUSSION

The analytical results from Wilson (2003) characterize the test plot soils as follows: clay loam texture,
slightly acidic (pH 6), low in organic matter (2.1 weight percent) and cation exchange capacity (11.6
meq/100g). plus being very low in total phosphorus (17 Ibs/acre). The lead speciation studies performed
by Johnson and Abraham (2002) indicate the ore concentrate particles have a geometric mean size of 1.6
pm, and that most of the lead occurs as galena (PbS). Using these data, and various assumptions as
judged necessary (e.g., By in the +200 to 450 mV range). MSE prepared the following preliminary
conceptuai model of Pb weathering in the Herculaneum test plot soils.

The chemical reactions included in the model are as follows:

- PbS(s)+ H" S Pb*™ +SH™;

- SH +4HOH S SO, + 9H" + 8¢™;

- Pb7?+ S0, 5 PbSOL(s);

—  HCOy + Pb™ 5 PbCOx(s) + H;

~ PbS(s) + HoCO;3 + 02 = PbCOs(s) + SOy + 2H'; and
- 5Pb"?+ 3H,PO,” + C1™ = Pbs(PO,),CI(s) + 6HY

Solid species of varying crystallinity are designated by “(s)”, and all others occur as aqueous (dissolved)
species. The first 2 equations do not address the mechanisms or varying rates of production and release
of aqueous lead and sulfoxyanions; such details can be found in the papers by Chernyshova (2003), da
Silva (2004), Fornasiero et al. (1994), plus Nowak and Laajalehto (2000). Essentially, it is suggested that
oxidative dissolution of the small ore concentrate particles occurs very rapidly upon contact with soil
(pore) water. da Silva (2004) observed that bacterial oxidation of galena particles < 45 pum in diameter
resuited in complete conversion to fead sulfate in about 24 days at 35 °C. Assuming a 10-fold increase in
reaction rate for the Herculaneum particles and 100-fold decrease for cooler soil temperatures (i.e., 13
°C), the concentrate particles may be completely reacted within 240 days of incorporation into residential
topsoil.

Given the relatively low organic matter level (i.e., about half that commonly seen in humid temperate
soils; Brady, 1984), MSE assumes that only a small amount of the total Pb* is complexed to such organic
ligands as humic acids. However, migration of aqueous Pb*? into lower reaches of the soil profile may be
slowed by ad(b)sorption to hydrous iron and manganese oxides (Morin et al., 1999). It is further
suggested that persistence of solid Pb compounds is determined largely by their respective solubility
product (K,) values; as the log K, values become more negative, the compounds become less soluble in
water (at circumneutral pH and 25 °C). Thus, the solubility of anglesite (PbSO,, -7.7) is > cerussite
(PbCO;, —12.8), which is >> chloropyromorphite [Pbs(PO4):Cl. —-84.4] (Nriagu, 1994). The latter
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compound is probably the most environmentally stable and predominant form ot solid Pb species in the
Herculaneum test plot soils (Nriagu, 1974). This hypothesis is supported by the observations of Johhson
and Abraham (2002) that lead phosphate particle types are predominant in residential soils. as well as by
initial geochemical modeling performed by MSE.

The concentration data presented in Table 5-1 were input to the STABCAL model (Huang, 2002). Model
output, shown in Figures 3-1 and 3-2, are very similar to those presented in Nriagu (1974; Figure 4-3) for
roadside soils. Furthermore, lead carbonate and sulfate appear (in aqueous or solid forms) only in the
complete absence of phosphorus; such cases are illustrated in Figures 5-3 through 3-5. These graphs are
very similar to P-free stability diagrams found in the papers by Garrels (1954) and Sato (1992). In such
instances a 1:1 molar ratio exists between anglesite and cerussite at pH 6 and 300 £ 100 mV (Ep).

Table 5-1. Summary of inputs to the STABCAL modeling excercise.

Concentration (pg/L) in Soil Pore Water®

Constituent Lower Bound Upper Bound
Cr! 2,000 10,000
H,CO,’ 6.500 7.100
HCO,™! 2.800 3.100
H,r0,™! 3 50
Pp* 100 1.000
50,72 10.00 25.000

Note: * Peps is about 10-fold that of atmospheric levels, but represents concentrations expected in soil gas (Lindsay. 1979:
Chapter 6). All other concentrations are based on best judgment by MSLE.
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Figure 5-5. STABCAL model results for No-P, high-Pb case.
However, these STABCAL results must be interpreted carefully because:

— they do not address reaction-specific kinetics — concentration-ditfusion conditions may result in
one reaction proceeding faster than the others (Langmuir, 1997); and
— they do not address the reversibility in the weathering ot the solid Pb species (Sato, 1992).

These constraints are certainly relevant to using the model resuits for the interpretation of the Pb
bioaccessibility (in vitro) and Pb-RBA (in vivo, swine) studies results. An example of this problem is

discussed below.

The potential change in lead relative bioavailability (RBA) in concentrate-contaminated residential soils
can be approximated by noting that Pb mass is independent of its RBA value. For example:

- addition of 500 mg of Pb having an RBA of 0.50 (RBAys) to 1 kg of Pb-free soil results in 500
mg/kg of RBAg s soil; while

— addition of another 500 mg of RBA 5 Pb to the above soil will double the Pb concentration
(mass), but the RBAg 5 remains the same unless the physicochemical state of the soil is changed.

Thus, there will be no change in RBA over time, even after adding the “new” source of Pb, if both
materials have the same RBA value. Furthermore, initial bioavailability of Pb (RBAy) can be
approximated in Herculaneum soils as follows: RBAg = RBA, — RBAps, where RBA | is the swine study
result for the May 2005 soil and RBA,s = the estimated value for galena presented in Figure 2-7 of the
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EPA (2004) report. Thus, RBAy = 0.82 - 0.05 = (1.77. which exceeds the estimated RBA for “undusted”
residential soils (i.e.. 0.43) from inspection of the USEPA (20044a) report.

Given MSE’s modeling results (Figures 3-1 and 3-2) that show predominance ot “lead phosphate”, RBA,
would be at least 0.45. Johnson and Abraham report (2002, Table 1V) that many other forms of Pb
probably exist in residential soils. as well as the presence of “lead oxide™ in the ore concentrate sample.
These observations suggest that other. more biologically available, forms of Pb are present in both the
concentrate and in concentrate-contaminated soils. In both cases, formation ot a cerussite coating on the
pyromorphite particles could occur. Although the phosphate salt has a very low solubility, the surface :
mass ratio is very high for the original galena particles. Meteoric water would supply a continuous, and
potentially increasing, source of carbonic acid as it percolates through the soil profile. Lead oxide is more
soluble (K, of =14.7) than pyromorphite compounds. and could form oxycarbonate [e.g.,
Pba(CO5)-(OH),] precipitates having similar solubilities to that of cerussite (Lindsay, 1979). The relative
amounts of these various forms of Pb could be approximated by selective extraction methods (e.g., Chen
et al., 2000; Basta and Gradwohl. 2000): such results would provide another “check® on the conceptual
model’s credibility.

The Phase | (May 2005 soil) in vitro and in vivo results of 0.69 and 0.82, respectively, probably reflect
the effects of these more bioavailable Pb species on RBA of bulk soils. However, as such species (e.g.,
cerussite) would occur in “pre-dusted” and “dusted™ residential soils, the change in RBA might be
relatively small. For example, the percent change in RBA may be equal to ((0.82-0.77)/0.82) * 100 or 6%
above background conditions. Given the intrinsic uncertainties in the Phase | and Phase 2 in vivo results
(Casteel et al., 2006a and 2006b; pp 14-15), it may be difficult 1o discern such a change with any degree
of statistical confidence. Clearly, addition of more PbS-bearing fugitive particulate matter to residential
soils is a matter of public health concern: however, the issue is more one of increased contamination
levels than of increased RBA. Finally, the “pre-dust™ Pb species mix may still be responding to ore
concentrate addition, and further data are needed to evaluate the credibility of the MSE model. From the
Phase 2 resuits one could surmise that “equilibrium™ has occurred and the RBA results for the Phase 2
(May 2006 soil) are about the same — within experimental error — as those observed in Phase 1. Even
more time-interval data is required to refine or replace the present model because “hard™ conclusions
cannot be drawn on only 2 sample sets.

6. CONCLUSIONS AND RECOMMENDATIONS

When reliable site-specific data are lacking, the USEPA typically employs a default RBA value of 60%
for lead in soil compared to soluble lead in water, for both children and adults. The RBA point estimate
ot 82% for the test soils weathered for i 2-months and 24-months used in this study is higher than the
default value of 60%, indicating that absorption of and hazards from lead in this soil may be higher than
usually assumed. 1t is appropriate to take this into account when evaluating potential risks to humans from
incidental ingestion of this soil.

MSE agrees with the conclusion in Casteel et al. (2006a, p.15 and 2006b, p.15) that the soil/ore
concentrate mixture exhibits an RBA that exceeds the IEUBK model default value of 60%. We also
suggest that the Pb-RBA's point estimate for both the 12-month and 24-month soils of 82% is
conservative. Interpolation of Dr. Drexlei's average in vitro bioaccessibility result for the 12-month
sample (0.69+ 0.015) into Figure 3-6 of the December 2004 USEPA report yields a "best estimate" of
65% for predicted Pb-RBA and a 95% UCL of 88%. However, the respective results for bulk lead (2.021
mg/kg) are 82% and 105%,; these values are in very good agreement with those from the swine (in vivo)
study. Interpolation of Dr. Drexler’s bioaccessibility result for the soil that had weathered for 24-months
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(0.89+0.015% in Figure 3-6 of the same USEPA (2004a) report vields a best estimate™ ot 86% for
predicted Pb-RBA and a 93% UCL of 110%. These values are also in good agreement with the 24-month
in vivo study results.

Tetra Tech's QAPP refers to a Pb speciation study by Johnson and Abraham (2002) that observed
transformation of lead sulfide (o lead sulfate and lead carbonate in soils. Given this observation and
group-specific RBA values in the December 2004 USEPA report (Figure 2-7), an RBA in the 75% to
8§5% range appears reasonable for the 12-month soil sample and an RBA ot 80% to 90% range for the 24-
month study. These Pb-RBA ranges reflect the hvpothesized predominance of lead carbonate (cerussite),
which would result in Pb bioavailability levels exceeding the IEUBK s default value of 0.60. Finally, the
consistent in vivo point estimate of 0.82 appears to reflect the central tendency of Pb bioavailability
throughout the two-year study period.
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TABLE A-1 SCHEDULE

Sél;{;y Pay Déﬂg Bleed /'\dmli:;?;(rzalion Sn u[::?:ld[)iei veigh Dosa Frep Cl[[.‘lri‘gsf;} ";;‘3“ izg;:ljgl
-5 Wednesday 615105 uanstion X
-4 Thursday 6/91C5 wanssion X
-3 Friday 6/10/C5 X
2 Saturday €/13/C5 X
B Sunday €/12/05 X X X
0 Manday 6/1305 X X X
1 Tuesday G/14105 X X X
2 Wednesday G/15:05 X X X X X
3 Thursday £/16/05 X X X
4 Friday 6117105 X X
5 Saturgay 6/18/05 X X X X X
6 Sunday 6/19105 X X
7 Monday G/20/05 X X x
3 Tuesday 621105 X X X X
9 Wednesday 622106 X X X
i0 Thursday 6723105 X X
i1 Friday 6124105 X X X X
i2 Saturday 6/25/05 X X X
13 Sunday 6726125 X X
14 Wonday Gr27105 X X X
15 Tuesday 6/28/05 X X
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TABLE A-2 GROUP ASSIGNMENTS

Target Dose of
Lead
(11g’kq-day)

Pig Dose Material
Number Group Administered

804
820 1 Control 3
845

802
803
816 2 Lead Acetate
826
838

P
o

819
832
834 3 Lead Acetale 75
839
846

801
806
823 4 Lead Acetate 225
8356
850"

809
812
817
824
825

Test Material 75

(7]

813
830
831 6 Test Material 225
833
844

807
808
810 7 Test Material 675
828
840

*Pig 850 died during the study and was exchuded from all analyses.
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TABLE A.3 BODY WEIGHTS AND ACTUAL ADMINISTERED DOSES, BY DAY

Baay we It ware Meesiradonduye -1, 2,8, 0, 11, and 14 Waghts ko Oher davt 6re d0HTEIRD BRLAQ A WS NIGIDXEIN Batertdn Maasued vales

a7 LT LR Ty 7 Tar ) Tayx L Tay 13 Days 14
Group | Pge | GW PyDow | @w AyCoso | BwW Pblose | BwW Poloss | BwW P luw oW  Pol[wee B Polnme { BW  PhOose | MeanFbDose
m\ ulnﬂ l‘]‘ igmd () i3 nm :ﬂg z u iJ (Y itga) !J EI'\"]-JV (v

T W03 | V9 000 | 103 00 fo7 0600 Jiit K 000 o0 138 0™ w4 900 X o0

1 829 |03 0% lnir e Jus  ene |i2c 1y ege [EREEE T o om wr AN ooy o

1 s gt _eo0 |2 om |ics aoo li3y 13400 n co 1800w BI___ann 0y 000

b DN RV I SN S 1 L R 8 A FIBY Wy 2 T ~& |7 oW %

H ne  aoe 113 268 |7 mm |az2c 123 B8 1943 e 2507 ar ms 202 e 4

4 1wi oou {184 v |we e |t ngoun Ue 134 2600 wo  mxn fids  25€0 %®

2 20 e |27 e Juas oas e 4 N8 N e NN 1B) T |Ee 2244 BT

I 104 [ X3 129  craz N1 Tn 117 114 T MNEH 14 _ 3¢10 18] AT 189 peed N
1 0l [y TrIe (197 ¥ 3¢ T] E 04T HCED 10 o4z | 195 8845 6330

3 tHi 00D 1He T (23 ma )l 138 TN 7841 “y 1IN 7T MM s T4 1618

3 e mw |4 " owg 86 32 1o 7830 16T Mo Uit [N

3 e Tea [ [EUI 7170 19 77 11 esor |97 areg L]

2 g pe e 20 b ma [ 3l 1048181 161 0300 [ea 754y

: e My [NY Z4b60 piih <X F 140 2161 &7 3164 [17 7 0447

‘4 1 2491|127 21098 frze 2745 219.96 uy o 16 184 21083 | 104 19977

+ e 800 |23 ez [y 22 M4 147 TS 12 2878 [ 21988

4 192 262 108 us14 |y 26047 Jite 8 11 3348 199 872 | ae 2948

A - it S it R = 1 T -

EN LR 44 0 I R LA TIey ISR ARL] AR AR D

5 0e T e 2w |08 un ne A W1 o@m M 7533

5 wr e v wo [na [TT) e 1670 7y eM 181 Tsée

5 wr e |1 A fus T 130 1464 186 7381 |67 TiaT

s ne  18ds 118 T4 120 7400 30 YT 16?7 1138 W1 6932

5 107 29665 [ 110 0acs [113 ELXH 20 23608 6 M4l {147 2309

s 107 875 | 108 20285 |11 xa67 110 2751 s 2892 [1en el

s 127 wead |21 e (s 2212 156 B8 103 20376 188 173

3 w948 [ 120 2ses [13a 21564 152 @02 74 3 Lz a0

L] ns_ nn [ 217 81 s [12 22348 140 2148 |1ie 2478

T X TV TaI8) 123 YETZS [ TIT 77198 44 BId0 [T (5.7 AT M

7 seg [y o000 |wr 119 J6082 122 o7 |13a 7m1s 138 122 161 72471 |66 To143

T 1 e aae free 123 Tw (137 mere e Ta70 LT Twee 2 w1 71283 (W7 A3

7 B3 135 soes |29 140 sa11d ) wd ai20 |18 a3 (157 eoser [ we €3545 €23 [0 197 42433 | 183 émdei |99 58656

7 %49 J12e oo i3 194 wapt s s0r9 J1se 62981 |18t gaeg fua s wsia |s 76 o920 |84 43305 fige 41935

Y B0 160 1Y) 8 1Tty W] weE § I oM S andivies

nanylew Do
Didy € - P g 3udamirul 431 €nlg S0 0 ae (S0 a{oranmetey B} Doy 1poas azveietLu 75%

Om 19 PG R2EGAI ot DX envre AM aoss (Rls anprormuan T5%) Caty G ke s s 0 BT 5%,

oy 4 - P g Uropnad Aporanemakii RAT A3 G044 ON The g ufd, 'he JORPET (LAGA whd (B 16 e $NMu Lt 11 0 412 ey dote dhusment 025 Male (03 Jose (emana 100%)

4 MSE. Dns0r 18 (Tote A-J_BiLTnces)



TABLE A-4 ANIMAL HEALTH

Naxcel Treatment for lliness

First Day of Trealment Notes* Pig Group Indications
Treatment .
Day -4 (6/09/05)  |Treatment duration =7 days | 801 4 levated lemperature, coughing, anorectic
Day 1 (6/14/05) Treatment began at 7 PFM 844 6 Elevated temperature, ancrectic at PM feeding
809 5
Day 2 (6/15/05) Treatment began in PM 820 1 Elevated temperature, diarrhea
Day 4 (6/17/05) 812 5 Elevated temperature, diarrhea
817 5
826 2
835 4 Vomiting in morning
Day 6 (6/19/05) Treatment began at 12 PM 806 4 Elevated temperature, didn't eat all of AM feed
Day 8 (6/21/05) 1.3 mL Naxcel administered 808 7 Elevated tamperature, diarrhea in AM
Day 10 (6/23/05) 1.5 mL Naxcel administered 807 7 Elevated temperature
Day 13 (6/26/05) 1.6 mL Naxcel administered 840 7 Elevated temperature, diarrhea

*Trealment consisted of 1cc/10kg body weight of Naxcel for a duration of 3 days, unless otherwise noted.

Animal Deaths

Pig 850 (Group 4) was found dead in on Day 11 (6/24/05); he had shown no slgns of Inappetance or diarrhea. Bacteriology of
ngcropsy samples indicated Salmonella.
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TABLE A-5

LEAD ANALYTICAL RESULTS FOR STUDY SAMPLES

. i j ]} i . .

Sample Number |Tag Numberl Malm(IGmupI Ad?::r:g:fled ngi;);)se Nu?ln%el Collection [Aaa}zg/lg)ose Ag:izvgfd?l l Q] Pb Concl oL lAd](‘onc] Units
MSEZ-804(0)8B MSE2-129 blood 1 Contiol 0 804 0 0 < 1 1 uyfdl
MSE2-820-(0)8 MSE2-122 blood 1 Contick [ 820 0 0 ] < 1 1 05 ugfdl
MSE2-8454{0)-3 MSEZ-106 Dblood 1 Conliol 0 845 0 0 0 < 1 1 05 ugrdL
MSE2-802{0)-8B MSEZ2-120 blood 2 Lead Acetale 25 802 0 300.5 2715 <t 1 05 ug/dL
MSE2-8034{0)8 MSE2.133 tlood 2 Lead Acetate 25 803 0 3005 26.59 < 1 1 05 ug/dl
MSEZ-816-(0)3 MSE2-126 blood 2 Lead Acelale 25 816 0 3005 288 < 1 105 ug/dL
MSE2-826{0)B MSE2-113 blood 2 Lead Acelate 295 826 0 300.5 2363 < 1 1 05 ugrdL
MSE2-838-(0)B MSE2-118 blood 2 Lead Acelate 25 838 0 0.5 2782 < 1 1 05 ug/dL
MSE2-8324{0)-8 MSE2-125 blood 3 Lead Acelate 75 a32 0 91579 7728 < 1 1 05 ugidl
MSEZ2-834-(0)8B MSE2-104 hiood 3 Lead Acelate 75 834 0 915.75 86.26 < 1 1 05 ug/diL
MSE2-839{0)B MSE2-135 ULlood 3 Lead Acetale 75 239 0 91575 277 < 1 105 ug/dl
MSE2-846(0)B MSEZ2-108 blood 3 Lead Acefale 75 846 1] 91575 9037 < 1 1 0.5 ug/dl
MSEZ 819-(0)-B MSE2-115 bood 3 Lead Acelate 75 819 0 915.75 71.26 < 1 05 ug/dL
MSE2-801{0)8 MSE2-132 lood 4 Lead Acetate 225 801 0 2574 243.98 < 1 1 05 uy/dL
MSEZ-806-0)-8 MSE2.130 blood 4 Lead Acelale 225 806 0 2574 223 18 < 1 1 05 ug/dL
MSE2-8234{0)-B MSE2-123 blood 4 Lead Acefale 225 823 0 2574 22318 < 1 105 ug/dt
MSE2-835{0)8 MSE2-102 DLicod 4 Lead Acelale 225 835 0 2574 260.88 < 1 1 05 ugldL
MSE2-850-(0)-8  MSE2-103 blood 4 Lead Acelate 225 850 0 083 0.08 < 1 1 05 ugidL
MSE2-809-{0)8  MSE2-114 blood 5 Saoil 75 809 0 083 0.08 < 1 1 05 ug/dL
MSE2-812-(0)B MSE2-108 blood 5 Saoil 75 812 0 574 259 56 < 1 1 05 ug/dL
MSE2-817(0)}B MSE2-136 blood 5 Soil 75 a17 0 083 0.08 < 1 1 05 ugidL
MSE2-82440)-B MSEZ2-111 _Dblood 5 Soil 75 824 0 0.83 0.08 < 1 105 ugidL
MSEZ2-825{0)-B MSE2-105 blood 5 Sail 75 825 0 0.83 0.08 < 1 1 05 ug/dL
MSE2-813{0)B MSE2-112 biood 6 ) 5 813 0 2684 026 < 1 1 05 ugldL
MSE2-830{0)}-B MSE2-117 blood 6 Soil’ 225 830 0 264 027 < 1 105 ug/dL
MSE2.831-{0)8 MSE2 131 blood 6 Sail 225 831 0 264 0.2 < 1 1 05 ug/dL
MSE2-833{0)B MSE2-110 bhiood 6 Sail 225 833 0 264 02z < 1 105 ug/dL
MSE2-8440)3  .MSE2-118 blood & Soil 25 844 0 264 024 < 1 1 05 vg/dl
MSE2-807-(0)B MSEZ2-121 blod 7 Soil 675 807 0 8.19 0.77 < 1 1 05 ug/dL
MSE2-808{0}-B MSE2-127 blood 7  Soil 675 808 0 8.19 0.78 < 1 1 05 ug/dL
MSEZ-8100)}8 MSE2-101 _blood 7 _ Sail | 675 810 0 8.1¢ 075 < 1 1 05 ug/dL
MSE2-828{0)}-B jMSE? 107~ blood 7 Sail 675 [v23) [ 819 0.64 < 1 1 05 ug/dl
MSE2-840{0)83 MSEZ2-124 blood 7 Sail 675 840 0 810 0 66 < 1 3 05 uq/dL
MSE2-804-(1)-B MSE2-140  blood 1 Contsol [ 804 1 0 0 < 1 1 05 ug/dL
MSE2-820{1)8 MSE2-144 blood 1 Control 0 820 1 0 0 < 1 i 05 ug/dL
MSE2-845{1H3 MSEZ-140 blood 1 Contidd 0 B45 1 0 0 < 4 1 05 u/dl
M3SE2-802(1)8 MSE2-157 blood 2 Lead Acidale 25 802 1 3005 2663 < 1 1 05 ug/dl
MSE2-8031}8 MSE2-148 blood 2 Lead Acatate 25 803 1 300.5 2519 < 1 1 05 ug/diL
MSE2-816{1)}B MSE2-175_ biood 2 Lead Acelate 25 816 1 005 2781 < 9 105 ug/dlL
MSE2-826{1)-8 MSE2-142 blood 2 Lead Acetate 25 826 1 300.5 2351 < 1 i 05 ughiL
MSE2-8381)8  MSE2-158 blood 2 Lead Acelate 25 838 1 300.5 2719 < 1 1 05 ug/dL
M3E2-8194(1)B MSE2-160 biood 3 Lead Acelate 75 819 1 91575 69.38 < 1 1 05 ugidL
MSE2-832{1)B MSE2-157  blood 3 Lead Acetate 75 832 1 915.75 7445 1 1 1 ugidlL
MSC2-834{1)483 MSE2-150 blbod 3 Lead Acefate 75 34 1 91575 8338 < 1 1 05 ug/dL
MSE2-830-(1)8 MSE2-145 blood 3 Lead Acetale 75 839 1 815.75 70.62 1 109 ug/dL
MSE2-846-{1)B MSE2.146 boood 3 Lead Acetate 75 346 1 91575 86.66 < 1 105 ug/dL
MSE2-801{1)8 MSE2-165 blood 4 Lead Acetale 225 801 1 2574 234 3 13 ug/dL
MSE2-806-(1}B MSE2-164 blood 4 Lead Acetate 225 806 1 2574 216 91 2 12 ug/dL
M3E2-823(1) B MSEZ 163 bood 4 Lead Acetate 225 823 i 2574 216 3 103 ug/dL
MSE2-8365(1)-8  MSE2166 blood 4 Lead Acetate 725 835 1 7574 252.77 3 13 ug/dL
MSEZ2-850-(1)-B  MSE2-153 blood 4 Lead Acddale 225 850 1 083 0.08 4 14 ug/dlL
MSE2-809(1}8 _MSE2158 biood 5 Sail 75 809 1 083 0.08 < 1 1 05 ugldl
MSEZ-812{1}8 MSE2-174  biood 5 Soil 75 812 1 2574 252.77 < 1 105 ug/dL
MSE2-817{1)B MSEZ2176 bood 5 Soil ) 817 1 083 0.08 < 1 105 ugidL
MSE2-824(1)}8 MSE2-169 blood S Sal 75 824 1 083 0.08 < 1 1 05 ugldl
MSE2825{1)}B MSE2151 blood 5 Sail 75 825 1 083 0.08 < 1 1 05 ug/dL
MSE2-8131}-B  MSE2-139 biood 6 Soil 225 813 1 264 028 V4 1z ug/dL
MSE2-830(1}8B MSE2-168 bood 6  Soil 225 830 i 264 026 < 1 05 ugidt
MSE2-831{1)B MSEZ-143 * blood 6 Sail 5 831 1 264 0.21 1 1 ug/dL
MSE2-8R(1)B8 MSE2-154 blood 6 Saul 225 833 1 264 021 2 12 ug/dL
MSE2-844(1}-8 MSEZ-171  blood 6 Sail 225 844 1 264 0.24 < 1 1 05 ug/dL
MSE2-807(1)B MSE2173  biood 7 Saul 675 807 1 8.19 0.74 6 1 6 ughdl
MSEZ-808(1)}B MSE2-167 biood 7 Sai 675 808 1 8.19 073 6 16 ug/dL
MSE2-810-(1)-B  MSE2-170 blood 7 Sail 675 810 1 8.19 072 5 15 ugidi
MSE2-828(1)B  MSE2-155 bood 7 Sod 675 828 1 819 0.62 [3 1 6 ug/dl
MSE2-840{1)}-B MSE2-161 blood 7 Sail 675 a0 1 819 065 8 i 3 ug/dl
MSE2-804-(2)}B MSE2-184 blood 1 Conjiol 0 804 2 0 [ < 1 105 ug/dl
MSE2-820.{2}8 MSE2'180 biood 1 Contiol 0 820 2 0 0 < 1 1 05 ug/di
MSEZ2-845(2}B MSE2-179  biood 1 Controb 0 Ms 2 0 0 < 1 1 05 ugidL
MSE2-802(2)-B MSE2-203 _blood 2 Lead Acetate 25 8z 2 3005 2613 < 1 1 05 ug/dL
KSE2-803(2) B ,MSEZ 183  blood 2 Lead Acetate 25 803 2 300.5 2504 < 1 1 05 ug/dl
MSE2-B816-()-B_ BSE2- 204 t_)_b_gd 2 Lead Acetate 25 816 7 300.5 2707 < 1 105 ug/dL
MSE2-826(2)B MSEZ.188 blood 2 lead Acelale Vo 826 2 300.5 2339 < 1 105 ug/dL
MSE2-838{2)8 MSEZ- 211 biood 2 Lead Acetate 75 838 2 300.5 26.59 < 1 1 05 ug/di
MSE2-819{2)8 MSEZ2-205 bloo) 3 Lead Acetate 75 819 z 91575 67.58 < 1 1 05 ugidL
MSE2-832{2)}8 MSE2-177 biood 3 Lead Actate 75 832 2 01575 71.82 ] 10 ugidL
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TABLE A-5

Material | Targel Dose Cdledmn Adualt Dose| Adual BWAd| . .
l Sample Number ITeg Numbal Malnleroupl Administered | (ufkg-d) Numberl (ugld) Dose {ug/d) Q | Pb Concl [ § IAd]Oorml Units
MSE2-834-(2)8 MSE2.210 hiood 3 Lead Acetate 7% 2 0 68 1 1 1 ugydl.
MSE2-839-(2)B  MSE2-195 bLlood 3 tead Acelale 79 EGD 2 91.5.7.; 684 1 1 ugidl
MSE2-846-(2)B  MSE2.201 tood 3 Lead Acetale 75 M6 2 91575 8325 1 1 1 ug/dl.
MSEZ2-801-(2)8 MSE2-181 liood 4 Lead Aculale 225 801 2 2574 2248 3 1 3 ug/dL
MSE2-806-(2)-8 MSE2.214  blood 4 lL.ead Acelate 225 806 2z 25874 21098 3 1 3 ug/di
MSEZ 8232)B  MSE2-182 blood 4 Lead Actate 225 823 2 2574 209.2¢ 4 14 ug/idt
MSE2 835-(2)B MSE2.197 btlood 4 Lead Acate 225 835 2 2574 24514 a 103 ug/dlL
MSE2-850-(2)-B  MSE2-213 blood 4 Lead Acelate 225 850 2 0a3 007 4 1 4 ug/dl
MSEZ2-804{2)8 MSEZ-184 Licod 5 Son 7% 809 2 0.43 0.08 < 1 105 ugidL
MSEZ 8124{2)88 MSE2-206 hiood 5 Scul 75 12 Z 2574 246 32 < 1 1 05 ugldL
MSE2-8172)}B  MSE2199 blood 5 Sad 75 817 2 0.83 0.08 < 1 1 0% ughiL
MSEZ-824(2)B MSE2-187 blood 5 Soail ) 824 3 083 0.08 < 1 1 04 uy/dL
MSEZ-825(2)B MSE2-185 Ulood b Sail 75 ’25 Z 083 0.08 < 1 1 05 ugidl
MSEZ-813(2)-B MSE2-196 blood € Saul 225 813 2 264 0.25 2 1 2 uy/dl
MSE2-830-(2)-8 MSEZ 200 blood 6 Sanl 225 830 2 264 0.26 2 1 2 ug/dL
MSE2-831-(2)B MSEZ 178 blood 6 Saif 25 831 2 2.64 0.2 Z 1 Z ug/dL
MSE2-83342)B MSE2-186 biood 6 Soil 25 833 2 264 oA 3 t 3 ugddl
MSE2-844-{2}B MSE2.202 biood 6  Sal 225 844 2 264 0.24 < 1 105 ughiL
MSE2-807{(2)8 MSE2.208 blood 7 Sail 675 807 2 8.19 0.1 6 1 6 ughit.
MSE2-808-2)-B  MSEZ-209 ULicod 7 Sl 675 808 2 8.19 07 7 o7 ugidL
MSE2- 810-(2)-8 MSE 2-207 biood 7 Sail 675 810 2 819 0.69 7 1 7 ugidl
MSE2-826{2)}-B MSE2-192 blood 7 Sail 675 az8 2 819 061 7 1 14 uy/dlL
MSE2-840{2)8 MSE2-191  Livod 7 Soil 675 840 2 8.19 0.54 8 1 8 ugldL
MSE2-8043)-8 MSE2.241 blood 1 Control 0 04 3 0 fi < 1 1 05§ ug/dl
MSEZ2-820(3)8 MSE2-220 blood 1 Contiol 0 820 3 Q 0 < 1 1 035 ug/dL
MSE2-845{3)8 MSE2Z2 blood 1 Contioh 0 845 2 0 0 < 1 1 05 ugidL
MSE2-802-(3)-B  MSEZ2.231 biood 2 Lead Acetale 25 2 3 31875 2667 < 9 1 05 ug/dl
MSE2-80343)8 MSE2-224 Libod 2 Lead Actate 20 803 3 31875 2584 < 1 1 05 ug/dL
MSE2-816{3)}B MSE2.236 bood 2 Lead Acetale 25 T N8I 27.76 < 1 1 05 ugidl
MSE2-826-(3}B  MSE2.246  blood 2 Lead Acelaie 25 86 3 875 2388 < 1 105 ugrdt
MSE2-838-(3)-8  BMSE2-240 blood 2 Lead Acetate 25 838 3 31875 2744 < 3 1 05 uy/dl
MSEZ-81943)-B  MSE2.250 lLiood 3 Lead Acetale 75 81y 2 1005 7128 < 4 105 ugidi
MSE2832-{3)8 | M3E£27238 tiood 3 Lead Acelate 75 832 3 1005 7N < 1 105 ugdL
MSEZ-83443}8  MSE2-229 bicod 3 Lead Acelate 75 834 3 1005 86.27 2 102 ughdL
MSE2-838(3}8 MSE2.213 biood 3 Lead Acetale 75 &8 3 1006 7265 2 12 ug/dL
MSE2-846-{3)}8 _MSE2-221 biood 3 Lead Acetate 75 M6 3 1005 8842 2 12 ug/dL
MSE2-8013)-B  MSE2- 21’ Uood 4 L_ead Acetate 275 801 3 281825 239.26 z 1 2 ug/di
MSE2-806{3)-B  MSE2- 238 biood_ 4 Lead Acelate 225 806 3 2819.25 22345 2 12 ug/dL
MSE2.823-(3}B~ MSEZ-227 _blood 4 Lead Acetate 225 &3 3 81825 22199 3 13 ugidL
MSE2835{3)-8° MSE2:244 bood 4 Lead Acetate 225 835 3 781925 26266 2 1 2 ugiiL
MSE2-8503)}B  MSE2-251 blood_4 _ Lead Acelate 225 /O 3 0.88 0.08 3 103 ug/dL
MSEZ-&OQ—(J)-B MSEZ 226 biood 5 Sod 75 809 3 088 0.08 1 1l ugidL
MSG2-81243}B  MSE2-225 biood 5 Soil 15 812 3 2818.25 265.5% < 1 1 05 ug/dL
MSEZ2-B1T{3}8 _ MSEZ.223 blood_ 5  Sod 75 817 3 0.68 0.08 <1 105 updi
MSE2.82433)} B~ MSE2:243 bood. 5 Sail 75 24 3 088 008 < 105 ugldl
MSEZ-825+3)-8 M&EZ 234 blood 5 Scud 75 825 3 088 0.08 < 1 1 05 ug/dl
MSEZ-8133}8 MSEz 216 biood 6 Sod 225 813 3 ) 0.26 2 12 [LYALS
MSE2-830(3)8B  MSE2- 218 biood 6 Sail 25 &0 3 28 0.26 i 1 ugidl
MSEZ-B3143 8  MSE2-247 Uiood 6 Soil 25 831 3 28 021 ] 11 uy/dl
MSEZ2.833-(3}8  MSE2-245 blood 6 Sad s a3 3 28 o2 < 1 1 05 ughdl
MSE2-844(3)-B  MSE2:235 biood 6 Sol 225 844 3 28 024 < 1 1 05 ug/dL
MSE2-807-(3)B MSE2 242 bood 7 Sail 675 &7 3 804 075 s 15 ugidL
MSE2- M(S)-B MSEZ m _blood 7 Sold 675 808 3 8.94 075 4 14 ug/dL
MSEZ-810(3)-8 _ MSE2'248" ULicod 7 Sod 675 810 3 804 0.73 5 1 5 oyl
MSE2-8283)8 MSE2-233 blood 7 Sod 675 828 3 8.04 0.64 4 14 weydl
MSE2-840-{3)3_ MSE2- 228 bood 7 Sal 675 840 3 B.94 0.67 3 1 3 ugfdl
MSE2-804(5)}8  MSE2-267 blood 1 Contiod 1] 4 5 0 0 < 1 1 05 ug/dl
MSE2-82045)8 MSEZ 288 blood 1 Contiob 1} 820 5 [ 0 < 1 1 05 ugidl
MSE2845{5)B _MSEZ263 bood_ 1 _Conirk O 85 5 0 o < 1 1 05 urdL
MSEZ-8024(5)-8 _ MSE2_279__ blood 2 Lead Acetale 25 802 5 31875 24814 < 1 1 05 ug/dL
MSE2-8034{5)}B_ MSE2284 biood 2 Lead Acetate 25 803 5 31875 2452 < 1 1 o0s ugidt,
MSE2-816-(5)-8 PASE2: -281 __plg_qq__'z_ _ . Lead Acetale -5 818 5 318.75 2602 < 1 1 05 ug/dL
MSEZ-BZG—(S):B___ MSE2:266 blood 2 Lead Acetale 25 a6 5 31875 222 < 1 1 05 uglul
MSEZ-83845}8  MSE2-785 blood 2 Lead Acetaje 25 838 5 31875 26.02 <1 105 U/l
MSEZ810{5}B_ MSE2.287 bood 3 Lead Acetate 75 819 5 005 66.12 < 1 1 05 ugidt.
MSE2-832(5FB_ MSEZ 275 biood 3 Lead Acelate 75 832 5 1000 7447 < 1 0% ugidl
MSE2-834-(518 MSE2289 bood 3 Lead Acetate 75 834 5 1005 8204 1 11 ugidl
MSEZ839-(5)B_ MSEZ.271_ blood_3 | Lead Acetale 75 < 1005 67.9% 1 (I ug/dt.
MSE2-845-{5)-B _ MbEZ 286 bood 3 Lead Acelate 75 846 5 1005 8306 1 1 ugisl
MSE2-801{5}B HSEZ 264 _biood 4 Lead Aceate 225 801 S 281925 22645 4 1 4 ug/dl
MSE2806-(5}B_ MSE2278 bood 4  Lead Acelate 225 806 5 281925 ~ 20961 3 103 ughdL
MSE2-B20{5)8 MSE 2- 210__b_ipp_d_ 4  lead | Acetale 225 e 5 281025 20883 3 1 3 ug/dL
MSE2-835{5r8 KSE2-273 biood 4 Lead Acetale 25 835 5 2819.25 251712 3 13 ugidL
MSE2-850(5)8B  MSE2-253 hiood 4 _Lead Acetale 225 B0 5 088 007 7 17 ug/dL
MSEZ- 80858  MSE2- 269___11_!";:5!,_ 5 _Sol_ 75 8 5 088 007 < 1 1 05 ugidL
MSE2-812{5)B MSEZ 214 bood 5 Sad 75 812 5 -2819.25 257 A7 1 1 1 ug/dL
MSE2-817-(5)}8 MSE2- 255 _ bood 5 Sal 5 817 5 0.83 0.08 < 1 1 05 ug/dL
MSE2-824{5}8  MSE2.259 blood_ 5 Sol_ 7 4 5 088 0.07 < 1 1 05 ugidl
MSE2-82545) 8~ MSE2-283 biood 5 Sail 75 x5 5 088 0.07 < 9 1 05 ug/dL
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TABLE A-5

Matenal Taiget Dose Colled:on Aclual Dose} Actual BWAdj ) .
I Sampie Numbes [Tag Numberl Matrix I Gmupl Admnls(ered (uglkgd) Numbell - (ugld) Dose (ug/d) Q [Pb Concl DL l AdiConc| Units
MSEZ-813-(5)B MSE2-256 blood 6 25 5 28 024 1 101 wdL
MSE2-830{5)8B MSE2.260 blood & Sod 225 330 5 28 024 3 13 ug/dL
MSE2 831.(5)-B MSEZ-260 ULiood 6 Soi 225 A31 5 28 02 3 1 3 ugydl
MSEZ2-833(5)-8 MSE2-200 liood 6 Soif 225 33 b 28 a2 3 1 K] ugfdi.
MSE2-844(5)43 MSE2-268 blood 6 Soul 225 844 5 28 (\Wr 2 1 2 ugidl
MSE2-807{5)-8B MSE2-272 biood 7 Soil 675 807 5 8.94 07 5 1 5 ugidt
MSE2-80845)43 MSE2-262 Hood 7 Soil 675 808 5 894 072 6 1 B ugldL
MSEZ2-8104{5)-3 MS[E2-254 biood 7 Soil 675 810 5 A.94 069 7 1 7 ug/dL
MSE2-8285)-3 MSE2-258 bicod 7 Soit 675 /28 ) 894 06 7 17 ug/dl
MSE2-840-5)3  MSEZ2.-782 biood 7 Saoil 675 240 5 8.94 061 6 1.6 ug/dL
MSE2.804.(7)-B  MSE2:284 tlood 1 Contiol 0 804 7 0 0 < 1 1 05 uyldL
MSEZ.8204(7)-B MSE2-320 biood 1 Control 0 820 7 0 0 < 1 104 ug/dL
MSEZ 845-(7)-8  MSEZ-304 blood 1 Contiol 0 845 7 0 0 < 1 105 ug/dL
MSEZ2-802-(7)B MSEZ 311 blood 2 Lead Acelale 25 802 7 348.5 252728 < 1 1 0S5 ug/dL
tMSE2-80347)B MSEZ-308 blood 2 Lead Acetale 25 803 7 385 2563 < 1 105 ug/dl
MSE2-81647)-B MSE2-306 blood 2 Lead Acelate 25 816 7 M85 2677 < 1 1 0.5 ug/dL
MSE2-8264{7)B MSE2-301 blood 2 Lead Acetale 2 826 7 M85 2256 < 1 1 05 ugydL
MSE2-838(7)-B MSE2-293 biood 2 Lead Acctate 25 838 7 3485 26.84 < 1 1 05 ug/dlL
MSE2-819{7)B MSE2-317 Liood 3 Lead Acetate 75 819 7 10835 69.06 < 1 1 05 ug/dL
MSE2-832-(7)8 MSE2-303 blood 3 Lead Acelate 75 832 7 10939 75.67 1 11 ug/dL
MSE2-834(7)B MSEZ-324 blood 3 Lead Acetate 75 834 7 10935 81.71 2 1 2 ug/dL
MSE2-839-7)-B  MSE2.292 Liood 3 Lead Acelale 75 839 7 1093.5 69 65 1 1 1 wydl
MSE2-846<7)-8B MSE2-296 blood 3 Lead Acelate 795 846 7 1083 5 845 z 1 2 uy/dL
MSE2-801(7)-B MSE2-327 biood 4 Lead Acetatle 225 801 7 3046.9 225.9% 3 1 3 ug/dl
MSE2.8067)-B MSEZ2-310 blood 4 Lead Acelale 225 806 7 3046.5 213.79 3 13 ugydl
MSE2-82347)-8 MSE2-322 blood 4 Lead Acclale 225 az23 7 3046.5 213.54 5 1 5 ug/di
MSE2-835{7)B MSE2.309 bhicod 4 Lead Acetate 225 835 7 304G.5 245 03 3 1 3 ugldL
MSE2-8507)-B MSE2-300 blood 4 Lead Acclate 225 850 7 097 0.08 7 17 ug/dL
MSE2-809(7)-8 MSE2-208 blood 5 S 75 809 7 097 007 1 1 1 ug/dl
MSE2-812(7)}B MSEZ-321 blood 5 Sod 15 812 7 3045 5 263.77 1 1 1 wy/dl
MSEZ-817(7)}-8  MSE2-287 blood 5 Sol 5 817 7 097 008 { 101 ug/dL
MSE2-824(7}B MSEZ-328 biood S Saoil 75 824 7 097 0.08 < 1 0 ugidl
MSE2-825{7)-B_ MSE2-316 blood 5 Soil 75 825 7 097 007 < 1 1 05 ug/dl
MSEZ-81347)B MSEZ2-318 blood 6 Soll et 813 7 308 2 2 12 ug/dL
MSE2-830(7)}8 MSE2-318 blbod 6 = Soi 225 830 7 308 025 2 i 2 uy/dl
MSE2-831(7)B  MSE2315 Ulood 6 Sod 25 831 7 3.08 02 2 1 2 wydL
MSE2-833{7)8 MSE2-323 blood 6 Soil 225 33 7 3.08 on 3 i 3 ughit
MSE2-844(7}B  MSE2-312 blood 6 Soil 225 P44 7 308 023 2 12 wydl
MSE2-807{7)}-8 MSE2-291 blood 7 Soil 875 807 7 98 071 6 1 6 ugdl
MSC2-808(7)-B.  MSE2-302 blood 7 Soll 675 808 7 98 073 7 17 ug/dl
MSE2-810{7}8 _ MSE2-325 blood 7 o 675 810 7 98 073 9 108 ugidt
MSLE2-8284(7)-B _MSEZ 313 blood 7 Sod 675 828 7 9.8 0.62 7 17 ug/dl
MSEZ-840(7)-8  MSE2-305  blood 7 Sod 67 340 7 98 063 f 1 8 ug/dl
HMSE2-80440)B _ MSEZ-34B_ blood -1 Conlsol 0 804 ] 0 0 < 1 105 ug/dl
MSE2-8209)- B MSEZ 343 blood 1 Control o 820 9 0 0 < 1 05 ug/ll
MSEZ-845- (0)8 MSE2- 332 blood 1 Conbiol 0 845 g 0 0 < 1 105 wdl
MSE2-8024¢)-8 ~ MSE2- .33 blood 2. Lead Acelate 25 802 ] 37185 2564 < 1 1 05 ug/dl
MSE2-80349).8 = MSE2-362 biood 2 lead Acetale 25 803 ¥ 3795 2611 < 1 105 ug/di
MSE2-816(9)-8B MSE2-361 blood 2 Lead Acetate 25 816 8 3795 2721 < 1 1 05 ug/dl
MSE2-826+{9)-8B MSE2-356 blood 2 Lead Acelale 25 826 9 3785 2309 < 1 1 065 ugidl
MSE2-838(0) 8 MSE2-355 biood 2 Lead Acetate 25 838 9 3785 27147 < 1 105 ug/dL
MSE2-818{9)B = MSE2-335 biood 3 Lead Acatlate 75 819 9 11825 71.41 < 9 ] 0.5 ug/dL
MSE2-832-0)B  MSE2-366_ biood 3 Lead Acclate 75 8z 9 11925 77.18 1 1 uydL
MSEZ83449)-B  MSEZ-34 blood 3~ Lead Acelate 75 834 9 11925 8215 < 1 1 .05 ug/dL
MSEZ—&&Q{O)—B MSEZ2-336 blood 3 Lead Acelate 75 839 9 11925 71.12 < 1 105 ug/dL
MSEZ-8464{9) 8 _MSEZ-360 blood 3 Lead Acetale 75 846 9 11925 8559 < 1 1 05 ugydL
MSE2-801{9)}-B MSE2338 bicod 4 Lead Acelate 275 801 9 135025 23026 3 13 ugidl
M'.*..E2-&£-(9}B MSE2.337 blood 4 Lead Acelate 225 806 9 335025 21993 3 1 3 ugfdl
MSE2-823-(0)B MSE2-350 Llood 4 Lrad Acetate 225 823 b} 3350.25 2209 3 1 3 ug/dl
MSE2-835(0)}8 MSE2-320 Liood 4 Lead Acetate 225 835 9 3350 25 23511 3 13 ug/dL
MSE2-8500)-B MSE2-330 bivod 4 Lead Acelate 225 850 9 1.05 0.12 6 1 [ ugyfdl
MSE2-809{0)B MSE2.353 biood 5 Sod 75 09 9 105 007 < 1 108 ug/di
MSE2-8124(8)}B  MSE2.340 blood 5 Sod 75 812 9 3350.25 21349 1 1 1 ug/dL
MSE2-817(9)-B MSEZ2-348 biood 5 Soll 75 817 9 1.05 008 < 1 1 05 ugidl
MSE2-8244{9}B MSE2-347 blood 5 So 75 824 9 105 008 < 1 105 udL
MSE2-825(9)B MSE2-365 blood 5 Sail 75 825 9 1.05 0.07 < 1 108 ugidL
MSE2-813(9)B MSE2-352 blood 6 Sod 5 813 9 339 -0.25 2 L4 ugydl
MSE2-8309)-B MSE2-345 biood 6 Solf 225 830 9 339 0.25 2 | ugidL
MSE2-831{9)-B  MSE2-351 Hood 6 Sal 225 831 9 a3g o )] 1 ydl
MSE2-833{09)8 MSE2-338 blood 6 Sail 25 833 9 339 02 2 1 2 ug/dl
MSE2-844(9)-B MSE2-357 Dlod 6 Said 25 844 9 338 024 2 12 ugidL
MSE2-807{9)B MSEZ-3564 tlood 7 Sod 675 807 9 10.67 03 4 1 4 ugidL
MSE2-808{8)B MSEZ-334 bood 7 Soif 875 808 9 10.67 0.75 6 1 8 ugidi
MSE2-8109}8 _MSL2-358_ blood 7 Sod 675 810 9 10.67 0.75 [ 1 6 ug/dL
MSE2-828{9}B MSE2-359 blood 7 Soll 675 828 9 10.67 0.64 [ 1 6 ug/dL
MSE2-840{9)-8  MSE2-34 blood 7 Sofl 579 840 9 10.67 0.65 4 1 4 ugidL
MSE2-804(12)-B MSE2-376 _ blood 1 Conlicl 0 804 12 0 0 < 3 1 05 ug/dl
MSE2-820{12)B MSE2.396_ bicod 1 Contiol 0 o 12 0 0 <1 t 05 ughdl
MSE2 845-(12)8 MSI:Z 390 blood 1 Contiol 0 B4S 12 0 V] < 1 i 05 ugdl
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Matenial Targe(Dosel lCdIeaion Adual Dose| Actual BWAdj] | l | " ) ‘
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MSEZ2-802{12)8 MSE2-392 blood 2 Lead Acetale 25 802 12 420.75 2552 < 1 105 ugidl
MSEZ2-803{12)-B NSEZ-335 blood 2 Lead Acetate 25 803 12 42075 2439 < 1 1 05 ugldL
MSE2-816-(12)B MSEZ-368 bLiood 2 Lead Acetate 25 816 12 420.70 272 < 1 100 ugidl
MSE2-826-(17)-8B MSE2-388 blood 2 Lead Acriate 25 826 12 42075 2366 < 1 1 05 uiydl
MSE2 838-(12)-B MSE2-370 blood 2 Lead Acelate 25 838 12 42075 2674 < 1 1 045 ugldL
MSE2-819-(12)-8 MSE2-391 blood 3 Lead Acetate 79 819 12 13215 7228 < 1 1 05 ugldl
MSE2-832{12)-3 MSE2-374 biood 3 Lead Acetate 75 832 12 13215 772 < 1 1 05 ug/dL
MSE2-834{12-B MSE2-401 blood 3 Lead Acctale 75 334 12 13215 8166 < 1 105 ugydl
MSE2-830(12)-8 MSE2.382 blood 3 Lead Acetate 75 439 12 13215 7118 1 1 1 ugdl
MSE2-846-(12)-B MSEZ2-381 blood 3 Lead Acetate 75 846 1z 1321.5 84 71 1 1 1 ugydl
MSE2-801 {12)B MSE2-402 biood 4 Lead Acelate 225 801 12 3875.63 239 48 4 1 4 ug/dL
MSE2-806{12)-B MSE2-373 blood 4 Lead Acetale 225 806 12 2875.63 222.74 5 1 5 uy/di
MSE2-823-(12)B MSE2-385 blood 4 Lead Acctale 226 823 12 387563 232.31 3 13 ugiil
MSE2 835-(12)-B MSE2-383 blood 4 Lead Acetale 225 835 12 187583 224 46 3 1 3 ugldL
MSEZ2-850{12)8 MSE2-3Y9 blood 4 Lead Acelale 225 850 12 0 0 NA 1 ugidL
MSE2-800{12)B MSE2-387 thlood 5§ Sail 75 809 12 1135 0.08 < 1 1 05 uggdl
MSE2-812-(12)-B MSEZ2-384 llood 5 Sail 75 812 12 387563 286.02 2 1 z vg/dl
MSE2-817{12-B MSE2-360 blood 5 Soi 75 817 12 115 0.08 1 19 ugldL
MSE2-824-(12)8 MSE2-393 blood 5 Sail 75 824 12 115 008 2 12 uy/dlL
MSE2-825-{12-B MSE2-375 blood 5 Sad 75 825 12 115 0.07 < 1 1 0.5 ug/dL
MSE2-813-{12)-8 MSE2-378° blood 6 Soil 225 813 12 372 0.25 2 1 2 uy/dL
MSEZ2-830{12)-8B MSE2-404 biood 6 Saul 225 230 12 3.72 0.25 ? 1 3 ug/dL
MSEZ 831128 MSEZ-394 blood 6 Sail 225 831 12 72 0z 2 1z ugidl
MSE2-833(12)-B MSE 2- 386 lJlood 6 Sad 25 833 12 372 0.22 2 1 2 ug/dl
MSEZ-844 (12)-8 MSE2- 389 hiood 6 Sail 26 844 12 372 024 3 1 3 ug/dl
MSEZ2-807{12)-B MSE2-379 biood 7 Sad 675 807 12 11.64 0.74 4 1 4 ug/dL
MSEZ-808-(14)-B MSE2-380 Liood T Soil 675 808 12 11.64 Q.75 7 1 7 ugidl
MSE2-810{(13-8 MSE2-377 blood 7 Sod 675 810 12 11.64 0.73 6 1 86 uydL
MSE2-828{12)-B MSE2-372 bbod_ 7 Sol 675 P28 12 1164 062 3 T3 ug/dl
MSh2MOjIZ) -8B MSE2403 bood 7 Saif 675 840 12 1164 0.65 7 1 7 ugydlL
MSE2-804-{15)3 MSE2-436  Dblood 1 Contiol 0 804 15 < 1 1 05 ugddt
MSE2-820{15}8  MSE2-435  blood 1 Contiod [} 820 15 < i 1 05 ug/dL
MSE2-345(15)8 MSEZ422 blood 1 Contiol 0 845 15 < 1 1 05 ugidl
MSE2-802{15)8 MSE2-442 ‘Bood 2 Lead Acetale 75 802 1o < 1 1 05 ug/dL
MSEZ2-803-15}-B MSEZ-407 biood 2 Lead Acetate 25 803 15 < 1 1 05 ug/dl
MSE2-816{15)8 MSE2428 blood 2 Lead Acetale 25 316 15 < 1 105 ug/dL
MSE2-826-{15)B MSE2-424 blood 2 Lead Acelale 26 826 15 < 1 1 05 uy/dl
MSE2-838-(15}B  MSE2-418 blood 2 Lead Acetate 25 838 15 < 1 1 05 el
MSEZ-810-(151B MSE2-405 biood 3 Lead Acate 75 o 15 <1 1 05 ugidL
MSE2-8X2{151B MSE2-438  ood 3 Lead Acetate 75 832 15 < 1 105 ugidL
MSE2-834-(15)-8_ MSEZ 406 blood 3 Lead Acetale 75 834 15 <1 1 05 ug/dt
MSE2-838(15)-8° MSE2412 blood 3 Lead Aceiate ' 75 838 15 1 TR uiydL
MSE2846(15}8 MSE2-416 blood 3 Lead Acetate 75 846 i5 2z 1 2 ug/dL
MSE2-801{15)-B_MSE2432 blood 4  Lead Aceate 275 801 15 5 s vg/dL
MSEZ-B06{15) 8~ MSE2-434 blood 4 Lead Acetale 225 806 15 5 105 ugidl
MSE2-823{15)-B MSE2-440 blood 4 Lead Acetate 225 823 15 z 12 ug/dl
MSE2-835{15)8 MSEZ-417_ blood 4 _  Lead Acelale 225 85 15 1 11 ugidl
MSE2-850{15)-8 _ MSE2-421 blood 4 Lead Acetale 225 80 15 NA 1 ugldl
MSE2-809-{15)8 MhE2423 blood 5 Soil 75 804 15 < 1 1 05 ug/dl
MSE2-812{15}B MSE2411 Uood 5 Sadd 75 812 15 2 12 ugdL
MSE2-817{15)-B MSE2-437 blood 5 Sod 75 Bi7 ! 1 1 ug/dL
MSE2-824-(15-8 MSE2-426 blood 5 Sail 75 824 15 2 1 2 ug/dl
MSE2-825-(15-8 _MSE2-415_ blood 5 Sai 75 85 15 < 1 05 ugldL
MSE2-813-{15)-8  MSE2425 'bood 6 Sod 225 813 15 3 103 wydL
MSE2-830-(15}8 MSE2-408 biood 6 Soil S 830 15 3 1 3 ug/dl
MSE2-831-(15)8 MSE2439  Libod 6 Sad 225 831 15 3 1 3 uydl
MSE2-833419)-B _ MSEZ- 431 bbod 6 Saod =29 833 15 3 1 3 ug/dL
MSE2-844 (158 MSE2- 433 blood 6 Sok 25 844 15 < 1 1 05 ug/dl
MSEZ-80T {15-B MSEZ-414  Liood 7 Saxl €75 807 15 [ 1 6 ug/dl
MSE2-808-15)-8 HSEZ—AZG bood 7 Sod 675 808 15 7 1 7 ugydl
MSE2-810{15)}B MSE2-418" blood 7 Soil 675 810 15 11 11 ugydl
MSE2-828{15}B MSEZ2-441 blood 7 Soll 675 828 15 5 1 5 ugydL
MSE2-840-(15)-B MSE2- 410 ‘bood 7 Sail 675 840 15 5 1 5 ugy/dL
MSEZ2-804-(15}F MSE2-546  fenuw 1 Conticd 0 804 15 06 05 05 ng/ing
MSE2-820{15}-F MSE2-540 jemur 1 Comntrol 0 820 15 < 05 05 03 ngimg
MSEZ2-845{15-F MSEZ2-545 femur 1 Conirol 0 845 15 0.7 05 07 ngimg
MSE2-802{15}F MSEZ-515 flemar 2 Lead Acetale 25 Wz 15 25 05 25 nghng
MSE2-803-{15)F MSE2-529 lemur 2 Lead Acetaie 25 803 15 24 05 24 nging
MSE2-816{15}F MSEZ-547 lemur 2 Lead Acetzle 25 816 15 18 05 18 ng/mg
MSE2-826-{15)1F MSE2-522 e 2 Lead Acetate 25 826 15 2 05 2 gy
MSE2-838{15}F MSEZ2528 lenwr 2 Lead Acelate 25 838 15 23 05 23 iy
MSE2-81915)F 14SE2-532 fern 3 Lead Acetale 75 81 15 4 05 4 niyng
MSEZ-B32{15HF MSEZ-519 femur 3 Lead Acelate 75 832 15 51 05 51 ng/ms)
MSE2-834{(15HF MSE2-534 femwr 3 Lead Acetate 75 . 8 15 25 05 25 ngHTQ
MSE2-836-{15)F MSE2-521 femur 3 Lead Acelate 75 839 15 52 05 52 Ro/ing
MSE2-846-(15F MSEZ539 femw 3 Lead Aceiale 79 816 15 ar 05 37 ng/mg
MSEZ-801-(154F MSE2526 lemar 4 Lead Acedate 225 81 15 123 05 123 ngimg
MSE2-806{15)-F MSE2-543 fermuwr 4 Lead hcetale 225 806 15 136 05 136 nymg
MSE2-823-{15)-F MSE2-516 lenwr 4 Leal Acelate 225 . 823 15 106 05 106  nging
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TABLE A-5

Sample Number lTag Numbet! Mal:ixl Group] Adhr::\iesx“::ed TT\g?ngf;(—[NmmI Cdledlon Aduu::;’lz)ose AcDiou:; Ej\;ﬁ;ﬂ ] Pb (,oncl DL Ad]Concl Unils l
MSE2-835{15)-F MSEZ-518  femur 4 Lead Acetate 225 825 5 05 151 ngltg
MSE2.850-(15)-F MSE2-520 ftemu 4 Lead Acelale 225 850 15 NA 05 ngang
MSE2-808-(15)-F MSEZ-537 femur 5 Sail 5 809 15 23 05 29 gy
MSE2-812-(15)-F MSEZ2-542 lemar 5 Sail 75 812 15 a5 05 35 ny/ing
MSE2-8174{15)4 MSE2-531 femur 5 Soil 75 817 15 31 05 31 /g
MSE2-824{15)F MSE2-523 femu 5 Sal 75 824 15 41 05 4.1 g
MBE2.8254{15)F MSE2-550 femmur 5 Sail 75 825 15 a1 05 31 ngineg
MSE2-813-(19) F MSE2.548 temur & Soil 225 813 15 9.7 05 97 nging
MSEZ-830{15)}-F MSE2536 femur 6 Soil 225 830 15 92 05 9.2 ngfing
MSE2-831{15)F MSEZ-533 femur & Sail 225 A31 15 78 05 78 ngling
MSE2-833{15)-F MSE2-549 lemur & Sail 25 B33 15 8.6 05 86 nghing
MSE2-844{15)F MSE2-527 femur 6 Sonl 225 844 15 3.6 05 886 nyliy
MSE2-807{15)F MSEZ2-538 femur 7 Soil 675 807 15 222 05 222 nglyg
MSE2-808(15)-F MSE2-544 femwr 7 Soil 675 808 15 287 1 287 nghiy
MSE2-810{15)+ MSEZ2-535 femwr 7 Sail 675 810 15 274 1274 ng/rreg
MSE2-828{15)-F MSE2-517 femur 7 Sail 675 828 15 24 05 24 ngimg
MSEZ2-840(15)-F MSE2-524  lemur 7 Soil 675 240 15 257 05 67 NG
MSE2-804{15)-K MSE2 498 kidney 1 Coitrol 0 804 15 < 10 10 5 nylg
MSEZ-82015)K MSEZ-487 idney 1 Conttiol 0 820 15 < 20 20 10 ng/g
MSE2-845(15)-K MSE2-470 kidney 1 Conliod 0 a5 15 < 10 10 5 ngig
MSE2-802{15)-K MSE2-488 kidney 2 Lead Acetale 25 802 14 30 10 30 nghy
MSE2-803(15)-K MSE 2508 kidney 2 Lead Acetate 25 803 15 50 10 50 nyly
MSE2-816{15)K MSE2-505 kidney 2 Lead Acetate 25 816 15 20 10 20 ny/g
MSE2.826{151K MSE2-483 kidney 2 Lead Aelale 25 826 15 30 10 30 iy
MSE2-838+15)-K MSE2-510 kidney 2 Lead Acetale 25 838 i5 20 10 20 nghy
MSE2-819{15)-K MSE2-501 kidney 3 Lead Acetate 75 319 15 100 10 10 ng/g
MSE2-832(15}K MSEZ2-485 kidney 3 Lead Acelale 75 832 15 B0 10 80 ngAJ
MSE2-834-(15)-K MSE2-502 kidney 3 Lead Acrtate 75 834 15 70 10 70 ngly
MSE2-830(15)K MSE2-500 kidney 3 Lead Acelate 75 839 15 90 10 90 oy
MSE2- 846 (15)-K MSE2-513 kidney 3 Lead Acelate 75 846 15 70 10 70 ngig
MSE2-801{15)K MSEZ-495 kidney 4 Lead Acelate 225 801 15 300 10 300 ng/g
MSE2-806{15)}K MSE2-503 kidney 4 Lead Actate 225 206 15 360 10 380 [T
MSE2- -82341 5K MSEZ 504 _ kidney 4 Lead Acetale 225 823 15 70 10 220 ngig
MSE2°83515)K MSF_2480 kidney 4 Lead Acelale 225 835 15 180 10 180 vs]
MSE2.850{15)K MEZ 486  kidney 4 Lead Acatate 225 850 15 NA 10 ng/g
MSE2:808{15)K MSE2-488  kidney 5 Sod 75 800 15 40 10 40 nglg
MSEZ812(15)K MSE2-483 kidney 5 Saoil 75 812 15 90 10 90 g
MSEZ-817{15)K _ MSEZ -509  kidney 5 Sail 75 817 15 60 10 60 i
MSE282415)K MSE2:512 “Kdney 5 Sail 5 824 15 80 10 ‘80 nglg
MSE2-825{15)}K MSE2-496  kidney 5 Soil 75 825 15 70 10 70 ™Myg
MSE2-813{15)K MSE2.511__kidney 6 Soil 225 813 15 230 10 2% ngig
MSE2-830{15)-K  MSE2-482° y € Soif 225 830 15 190 10 190 ngg
MSEZ-831{15)K MSE2-514 bd'ney 6 Soi 225 831 15 160 10 160 nglg
MSE2-833(15)K MSE2- 494 __kidney 6 Sail 225 a33 15 180 10 180 nglg
MSE2-844 (15)-K MSE 2-481 kdney 6 Soif 225 844 15 160 10 160 nglg
MSEZB07T(15)K MSE2-491 Kidney 7 Soil 675 807 15 600 2 600 ngig
MSE2-808{15)-K MSE2.506  kidney 7 Soi 675 808 15 700 20 100 nglg
MSE2- 810{15)K ‘MSEZ- 484" kidney T Saoll 675 810 15 1030 20 1030 ngiy
MSEZ-828{15)K MSE2- 499 kidney 7 Soil 675 828 15 530 20 530 ng/g
MSE2-840{15)K MSE2-407 kidney T Sol 675 240 15 570 20510 kg
MSEZ-804(15)-L  MSEZ2-477  lver 3 Conlio ) 04 15 < 10 IE nalg
MSE2- 82015} MSE2456  kver 3 Contiol 0 820 15 < 10 10 5 wig
MSE2-845{15)-L  MSE2-446 bves 3 Contidh O 85 15 < 10 10 5 no/g
MSE2-802{15)L MSE2-466 _ver 2 Lead Aceiale 25 802 15 30 10 30 Ry
MSE2-803 {15 MSI:Z 471 bver 2 Lead Acefale 25 803 15 30 10 X ngig
MSEZ -816-(19)-L MSEZ 461 ive: 2 Lead Acelate 25 816 15 10 10 10 ngig
D.ﬂSEZ-_&ZES—US)—_L~ _M_S_Z_Z_»«_i\‘ﬁ h_vel 2 Lead Ace(ale 25 826 15 20 0 2 ngig
MSE2-838{15)4L MSEZ473 Wver 2 Lead Aceale 25 ‘838 15 30 10 30 ngly
MSEZ819{15H.  'MSE2470 ver 3 = Lead Aceta\e 5 819 15 60 10 &0 ng¥)
MSE2-832{15H MSE2~467 hy_ef_ .3 Lead Acdale 75 832 15 60 10 60 g
MSE2-834{15)L  MSE2-457 Bver 3 Lead Acatate 75 834 15 60 10 60 ng/g
H4SE2-830(15)L MSE2-448 ivef 3 Lead Acetate 75 a3¢ 15 80 10 90 gy
MSE2-846{15)L MSEZ- 472 Ivg,:_ 23 Lead Acetale 75 846 15 70 10 70 ngly
MSE2-801{15)-L MSE2465 iver 4 Lead Acetate 225 801 15 310 10 310 ngig
MSE2-806-{15)-L. MSE2-455 kves 4 Lead Acetale 225 806G 15 540 20 540 g
MSE2.823- -(19)-L MSE2—451 bver 4 Lead Acetale 225 823 15 340 10 340 ngly
MSEZ—&&S—(\S)—L MSE2-450 bver 4 Lead Acetale 725 835 15 220 10 220 nglg
MSE2-850{15)-L MSC2-443 kver 4 Lead Acelale 225 350 15 NA 10 ngi)
MSEZ.809{15]4 MSE2-474 bver 5 Sail 75 809 15 60 10 & nog
MSE2—812-(15)-L MSEZ2-444 kver 5 A Sed 75 812 15 80 10 80 ngig
IMSE2-817(19)L  MSE2464 bver S Soif 75 817 15 50 10 50 ng/g
MSE2-824{15)4L MSE2—462 " fver 5 Sail 75 824 15 50 10 S0 nglg
MSEZ-825(15)L MSE2-447 bver 5 Sail 75 825 15 (V) i 90 ngly
MSE2-813-(151L _ MSE2-452 Ner § Sail 225 813 15 180 10 180 ngig
MSE2-830{15)4 MSEZ 469 Eve| K S 5 830 15 110 10 110 ngig
MSE2-831{15}4 MSE2-459 fver 6 Sail 225 831 i5 180 10 180 nglg
MSE2-833(15)1 MSE2-478 fves 6 . Sal 225 833 15 720 10 220 /g
MSE2-844{15HL MSE2460 Bver 6 Sail 225 844 15 220 10 220 ngig
MSEZBOT{15FL MSE2-445 bver 7 Sal 675 807 15 930 20 930 ngig
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TABLE A-5

Sample Nuinber ITagNumb:l MalrixIGtoupl A dr::::: . TT;:QD_Z;E Nmp'f'bel(d[;‘;'"" A"Z’:{;ﬁ;’”l Ag;“;m,ﬁ;”lolmmnc DLIAdeonc Unilsl
MSEZ.B0R(15)L MSEZ-463 bver 7 Sl &75 BB 15 1450 50 1450 nay
MSE2.840415)L MSE2-458 kver 7 Soi 675 810 15 1750 50 1750 nglg
MSE2-A2B-{154 MSEZL454 bver 7  Sai 675 BB 15 A0 10 460 ngh
MSLC2-PM0{15)1  MSE2476 lve 7 Sol 675 MO 15 90 %0 90 g

Adual Dose and Aclual BW Adj Dose” Values presented are for indwidual dosing days only; avetage doses over the roirse of the study are presented in Tatde A3 as

well as Table 2-1 in the mam text
Pt; Conc: Acounts tor all dilutions in samipd preparalion and analysis.
AdjConc' Non detes evaluated al 1/2 the quantilation lnrut (IDL)
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Analytical Spikes

LEAD ANALYTICAL RESULTS FOR QUALITY CONTROL SAMPLES

TABLE A-6

Laboratory Control Standards

y Momind | Concispiked | Ongnal
Sample Mainx Analyls Spike samfde) Cuone Parcent QCsSwiD QC Sid Cone Anatyt> UnaQusae_d Peicent
Number juol) ugl (gL} Recovery Concentralion Recovery
MGEZ 122 tiood P ] 3 B8R =<DL % CoLT-2 0410 pgig Y 017 pghy vd £%
MSED- U2 plood 5] 4 473 <0L 192% DOLT-2 0219 pgty ] 024 paig 6%
MSEZ 164 blood Ft 4 548 1 3% TORT 2 035 pury [ 027 g 7%
MSE2-185  blood Fb 4 355 -0L 29% TORT-2 0 35 pyiy Py 0242 ysly A5 C%
SE2-136  biood Pb 4 601 i 4% HIZT 1400 907 ply Fo 909 pgin 1M %
MSE2-20T  blocd P 4 1 743 84% LUTS-1 301 uig Fy < DL {7 01} puhy -
MSE2-225  biood PO 4 5.35 0G4 110% ERABIT 115 17 5 poll Fo 185 gl 106 1%
MSE2-232  bhood Py 4 45 <DL 106% ERA €97 V5 175 gyl Ftu 1€ S Pl 105 7%
MSE2-247  blood Po 4 5.8 108 103% ERA 1397 15 175 32} 16 8 pgL m7 6%
M3E2-258  blood b 4 111 i 100% ERA& 697 15 175 A 2 187 pol 07 1%
MGE2-263  blowd Fo 4 a5 <Dt 113% ERA 047 15 17 5 pai il [ERETVIE 109 0%
MSE2-280  biood Pt 4 aer <DL 9% ERA 897 1S 5 Fo 15 3 pgl $20%
MSE2-290  tiood PO 4 3 281 102% ERAGY7 175 ad 192 pad 109 ¥%
MSER-301 blood Po 4 29 ~0L 9% ERAGY7 VE Fo 18 1 pall 03 5%
MSE2-312  blod Pb 4 el 195 103% ERA €97 i Fa ® 30 104 5%
MSE2 323 blood Py 4 599 2.9 9% ERR €37 W5 17.5 pyit Pu 184 pat 105 1%
MSE2-339  blood o 4 703 28 91% ERA 637 15 17 S pll Fo 19 pat 108 5%
MSE2-350  bioad b 4 &89 265 “% ERABYT 15 17.5 gl Fo 17 5 pol 100 2
MSE2-361  blood Pb 4 368 «DL 91% ERA 697 115 17.5 pgiL Fb 175 pgd 59 8%
MSE2-372  blood 2 4 708 I3 4% ERA 897 1S 175 palt =< 13 9 pol. 108 2%
MSEZ-382  biood Pb 4 508 108 97% ERA 697 15 178 palL 0] 175 by 100 2%
MSEZ2-393  bkxod Pe 4 585 168 9% ERA 897 UIS 17 6 pafL Fo 16 5 patL 94 5%
MSE2-405  blod Fo 1 604 o 1071% ERA 897 15 175 pgn o 191 pad 106 9%
MSEZ-413  thod PO 4 543 153 9% ERA 397 1/10 8.75 1ot Fo & 66 A 93.0%
MSE2428  tdood PY 4 362 0L 9O% ERA 697 110 875 ol ro $77 pgid 100 2%
MSEZ439  twod P/ 4 744 326 105% ERA 697 110 875 pol. Fu 621 pot 93.5%
MSEZ-449 e Fo 20 245 xR 104% ERA €Y7 11D HT5 pgl Py 284 pol 101 0%
MSEZ-458 v Py 20 56 MY 106% ERA 697 1/10 75 pgt (=] 94 pal 107 4%
MSE2469  hver Pt 20 312 1N 101% ERA 837 110 B75 ot Po 45 pol 108 6%
MSEZ497  hidney  PD 3 [ =4 8% ERA 697 1/10 B75 ol Fo $92 gt 101 9%
MIE2-906 kidwy M 0 583 38 108% ERA 697 /10 875 ygll Fo 861 gl 984%
MSE2-615 ke Po ) 241 497 %% ERA 697 110 8.75 po/L Py RE3 1yl 101 5%
MSE2.534  famwr  FD 20 ol 503 £5% ERAS97 1110 £.75 paiL =) G2 it 105 1%
MSE2-543 _ femur ) 2 42€ el % ERA 897 110 875 pgit Fo ¥24 poA 105 5%
ERA6Y7 110 8.75 L Fb 93yl 106 3%
ERA 697 /10 475 pgl 5] 253 pyl 100 9%
licates (Post-Digestion) ERA 897 W10 6.75 gL F3 904 pyl 10 3%
Conc Onginal Conc Absdlule ERA 897 110 B75 pgiL Y 8.99 st W 1%
Matnx | Anatyte | (duplicate) Difterenca of ERA CYT 310 575 pyL Fo 323 pgll 107 3%
U () RPD ERA 697 110 275 uglL Fo %93 poil 102 1%
MSEZ-105  .biood Fo <Ol 0L HA ERA 897 110 €75 pyl 43 91 pgi 14 0%
MSE2-115  bioogd P <Ot <DL HA EPABY7 110 8.75 uL 2] 289 upd 01 5%
MSE2-125  tisnd Pu <CL <DL KA. EPA €97 #10 B.75 pgll Po 913 pt 104 9%
MSE2-125  biows Py <L <BL NA ERAB57 1110 875 paL Fo %62 pol 100 5%
MSEZ2- U5 bd Pe ] 3 witwn 1 ERA 897 1010 875 ol 3} 905 ppl 103 4%
MSE2-155  biosd (el 8 6 whun 1 ERAB97 110 275 pylL ] 221 A 105 3%
MSE2-1€5  biocd = 3 3 wtun 1 ERA €97 1110 £75 pyl Fo 303 pot 03 2%
MSE2-175  bocd Fo <CL <DL NA ERAEYT VID 875 pat Fo 301 gl W2 0%
MSE2-185  bioad Pb <DL <0L NA. ERA €37 Wi0 8.75 poil Fo 335 pok W 9%
M3E2-195 blesd _ FD ) L wihn ERA 597 1710 675 polt P 3 56 gl 09 3%
MSEZL-00S  blocd =] <0L <O NA ERA €37 1170 £75 polL 3 306 pgl. 107 5%
M3E2-Z20  bloud PO <0t <L A ERA 897 1110 875 poll Fo 258 poyt 9% 1%
MSE2-230  twed  Pb i i wihn 1 ERA 97 1110 8.75 poilL ] 938 pot Wl 2%
MSE2-240 " b Po <0L <0L Hp. ERA €97 110 675 ph Py 904 poi 103 3%
MSE2250 bl Fo <OL -0 NP, ERA 897 110 875 il ) 9.0 pot 103 5%
MSE2-280 bood  Po 3 3 watun 1 ERAB97 1/10 £.75 pghL fo 823 ppi %
MSE2-210  bhowd =] 2 3 witun 1 ERA €97 110 875 pgiL ) &6 poh G6 2%
MSE2-280  Bo0d o <DL <DL NA ERA 697 110 8.75 pglL P .69 pyL 39 2%
MSE2-290  bxd.  Pp 3 3 wikin 1 ERA €97.1/10 875 pyL Fu 89 pol 101 7%
MSEZ-200  biosd ) 7 7 mten 1 ERA 697 1/10 €75 ppl Fo 479 pot 100 5%
MSE2-310 ool Po 3 3 wmhin | ERA 637 110 875 pof Fo F04 pgl. 103 2%
MSE2-320  bhad | P 0L _ <DL HA ERA 897 1/10 875 pyt 2] 857 ol 1014%
MSE2-332  blood Py <gL <L NA ERA 697 110 8.0% poiL P B495 pot. 102 3
MSE2-42  blood, PP [3 5 wbin 1 ERA 897 110 875 pgh. P2 973 b 105 5%
MSE2-352  biood 2] 2 2 wmtin 1| ERA 897 /10 875 poll 5 916 gt 04 7%
MSE2-332  biacd Po <DL <OL HNA ERA 697 110 £7S ugiL Py £ ¢ polt W02 4%
MSE2-372  biood Pt 3 3 wtun 1
MSE2-382  blood Fo 1 1 widun t
MSEZ-392  bdood P 0L <DL MA,
MSE2-404  blood Po 2z 2 wten 1
M&GE2-414  biood Mo 3 L wtun }
MSE2-425 b Po 2 3 wtin 1
MSE2-435  bioad Pa <0t <DL NA
M3E2453  kver Po 192 17 whin i
MSE2-485  bver =] 31 e 20%
MSE2475_ hver o £46 514 wtin 1
MSE2SS ey ] i 773 wihen 1
MSE2-485  Kidney Pu 735 595 wmhin 1
MSE2-504 Iodmay P x 239 8.5%
MSE2-514  Tney Pt itg 128 7 4%
WRE2-S23 v Pu 4% EX walbut §
MSED-SZ3  fetwr P 76 e witun 1
MSE2-543  femwr P 138 itg 12 2%
MSEZ-S50 temur o 31 3?7 walrn 1
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Sample Presparation Replicates

TABLE A-6

. Qc Original Materal Target Dose| Collection . . Original
Tag Mjmberl Matrix I ldenliﬁerl Pig lGrmpI Admingtered l (ugkg-d) Day lAn'aiyle Q I oL l Pb Concl AdjConc AdiCone

MSEZ2-128 blood 2819 819 3 Lead Acctate 75 9 Ph < 1 1 0.5 ug/dl 05
MSE?2-118 blood 2801 801 4 Louad Acclute 225 0 Pb < 1 1 95 ugidl 05
MSE2-137 blood 2807 BO7 7 Soi 675 0 [ < 1 1 0 5 uyfdL 05
MSE2-141 blood 2813 813 6 Sol 225 1 Ph 1 1 1 ugidl 2
MSE2-159 blood 2802 802 2 lead Acitale 25 1 PL < 1 1 0.5 ugidlL 05
MSE2-162 tlood 2809 809 5 Soil 75 { b < 1 1 0.5 ugdl 05
MSE2-212 blood 2804 204 1 Condral 0 2 b < 1 1 05 ug/dk. 05
MSE2-198 blaod 2808 - 808 7 Sol 675 2 17f 1 9 Y ugidl 7
MSE2-189 blood 2832 832 3 Lead Acelate 5 2 Ph 1 2 2 ugidl 1
MSE2-249  blood 2810 810 7 Sall 675 3 &7 1 5 5 ug/dlL 5
MSE2-217 blood 2806 806 4 Lead Acelale 225 ) P 1 1 1 ug/dl 2
MSE2-230 blood 2812 812 5 Sol 75 2 b 1 1 1 ug/dL 0L
MSE2-257  blood 2830 830 6 Sod 225 5 Pb 1 4 4 ugrdl 3
MSE2-280 blood 2803 803 2 Lead Acetale 25 5 Pb < 1 1 0.5 ug/dL 0.5
MSE2-261  blood 2834 8} 3 Lead Acatate 75 5 Pb 1 2 2 ug/dl 1
MSE2-307 tlood 2817 817 5 Sol ™ 7 ™ < 1 1 0.5 ughiL 1
MSE2-299 Llood 2823 823 4  Lead Acelate 225 7 P 1 6 6 ug/dl 5
MSE2-314 blood 2831 831 6 Sod 225 7 Pl . 1 2 2 ug/dl 2
MSE2-346  blood 2820 820 1 Condrad 0 9 PL < 1 1 0.5 uy/dl 05
MSE2-363  blood 2816 816 2 Lead Awclale % 9 Pb < 1 1 0.5 uy/dL 0.5
MSE2-342 blood 2828 828 7 Sl 675 9 Fb 1 5 5 ugdl 6
MSE2-371 blood 2839 B39 3 Lead Acslate %5 12 Fb < 1 1 05 ug/dl 1
MSE2-397  blood 2824 824 5 Soi 75 12 PL < 1 1 05 ugldl 2
MSE2-367 blood 2B45 845 i Conird 0 12 &5 < 1 1 05 ug/dl. 05
MSE2-420 blood 2835 . 835 4 Lead Aosiate 22 15 F 1 4 4 uwydi 1
MSE2-409 blood 2833 833 6 Sol 225 15 m < 1 1 0.5 uy/dl 3
MSE2430  bload 2826 a26 2 Lead Aoale 25 15 Ph < 1 1 05 ughl 05
PMSE2468  liver 2801 801 7 Sdol 675 15 Pb 10 310 310 nglg NG
MSE2475  liver 2809 830 3 Lead Actate ™ 15 =Y 10 60 60 nglg 60
MSE2-44¢ fivor 2838 838 6 Sal 225 15 Py 10 40 40 ng/y 20
MSE2492  kudney 2846__ 846 4 Lead Acale 225 15 Fb 10 100 100 ngig 70
MSE2-507  kidney 2825 B25 5 Sod 75 15 Fb 10 60 60 nglg 70
MSEZ2490  kidnay 2838 838 2 Lead Acetate 2 15 Pb 10 30 30 ngig 20
MSE2530  femur 2812 812 5 sol 75 15 Pb 05 43 43ngimg 35
MSE2541  fomur 2808 808 7 Sol 675 15 P 1 87 287 nghng 287
MSE2-525 fomu 2803 803 2  Lead Acelate % 15 P> 05 26 2.6 ngimg 24
Blood Lead Check Samples

[ . CDC Blood Lead Check . Pt

LTag Mmﬂ:otl Matrix I Sample CDC Concentration I Anayte Qe leonc LDL L AdiConc

MSEZ-276  blood CDC BLLRS sample 294 18 pgal Fb < 1 1 G5 ugd

MSE2-147  blood COC BLLRS samph: 234 19 pyck o 2 1 2 ugy/d

MSEZ-398  blood CDC BLLRS sample 204 1.8 pgd b < 1 1 0.5 ug/dL

MSE2-341  blood COC BLLRS sanpic 234 1.9 pydl Pb < 1 1 0.5 ug/dt

MSE2-215  blood CDC BLLRS sample 294 18 gd. Pb < i 1 05 uyd

MSE2-134  bload CDC BLLRS samplo 204 19 peydl. () 2 1 2 ughl

MSE2-128  blood CDC BLLRS sample 199 55 pgdl Pb 4 1 4 ugdl

MSEZ2-193  biod  COCBLLRS sample 199 55 pgd Pb 4 1 4 ugdl

MSEZ2-252 _ biood COC BLLRS sanyple 199 55 pgidl Pb 4 1 4 ug/dl

MSE2-326 blood COC BLLRS sampla 199 55 pydl PbL 3 1 3 ugydl

MSE2-331  blvod, ~ CDCBLLRS sample 189 5.5 pgrdl Pb 4 1 4 ugdl

MSE2427  blood CDC BLLRS sampla 199 55 pydl Pb ] 1 4 ug/d

MSEZ413  blood CDC BLLRS sampie 502 138yl Pb 12 1 12 ugidl

MSE2204  blood CDC BLLRS sample 592 139 pydh b 2 1 12 wyd

MSE2'180 blood  CDCBLLRS sampie 582 138 g Pb 131 13 uydL

MSE2-172  blood CDC BLLRS sanple 592 138 pg/di Pb 12 1 12 ugfdl

MSEZ-400 biood COC BLLRS sanph: 592 138 podl Pb i 1 11 uydl

MSE?2.277 Iiood COC BLLRS sample 592 138 (ayiid Pb 12 1 12 ugfdl
MSE2Z_Appendix A xls (A8_QC pt2) Paye 2 ol 2
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TABLE A-7 IDENTIFICATION OF POTENTIAL BLOOD LEAD OUTLIERS

Matarial Group Pig Targst Actual Blood Lead (pg/dL) by Day

Administered Number Dose Dose’ 0 1 2 3 5 7 9 12 15
Control 1 804 0 0.00 0.5 0.5 0.5 0.5 0.5 05 0.5 0.5 0.5
Control 1 820 0 0.00 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Control 1 845 0 0.00 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lead Acetate 2 802 25 25.5¢ 0.5 0.5 0.5 Q.5 0.5 0.5 0.5 0.5 0.5
Lead Acetate 2 803 25 24.26 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lead Acetate 2 816 25 26.98 Q5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lead Acetate 2 826 25 23.04 0.5 0.5 0.5 Q0.5 0.5 05 0.5 05 05
Lead Acetate 2 838 25 26.67 0.5 0.5 0.5 0.5 05 0.5 0.5 0.5 0.5
Lead Acetate 3 819 75 69.40 a5 0.5 0.5 Q0.5 0.5 0.5 05 G5 0.5
Lead Acetate 3 832 75 75.18 0.5 1.0 1.0 0.5 0.5 1.0 1.0 0.5 0.5
Lead Acetate 3 834 75 82.12 0.5 0.5 1.0 20 1.0 20 0.5 .5 0.5
Lead Acetate 3 832 75 69.93 0.5 1.0 1.0 2.0 1.0 1.0 0.5 1.0 1.0
Lead Acetate 3 846 75 84 .80 0.5 0.5 1.0 2.0 1.0 2.0 0.5 1.0 2.0
Lead Acstate 4 801 225 231.31 0.5 3.0 3.0 2.0 4.0 3.0 3.0 40 5.0
Lead Acetate 4 806 225 214.61 0.5 20 3.0 20 30 3.0 3.0 5.0 5.0
Lead Acetate 4 823 225 217.75 0.5 3.0 4.0 3.0 3.0 5.0 3.0 3.0 20
Lead Acetate 4 835 225 243,10 0.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 1.0
{ead Avolales smoid - 31850 | ' RS
Test Material 1 s 809 75 74.15 Q0.5 0.5 0.5 1.0 0.5 1.0 .5 0.5 0.5
Test Material 1 5 812 75 82.33 0.5 0.5 0.5 0.5 1.0 1.0 1.0 20 2.0
Test Material 1 5 817 75 78.46 0.5 0.5 0.5 0.5 0.5 1.0 5 1.0 1.0
Test Material 1 5 824 75 76.63 05 05 0.5 0.5 0.5 0.5 0.5 20 20
Test Material 1 5 825 75 73.92 05 05 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Test Material 1 6 813 228 247.77 Q.5 2.0 2.0 2.0 1.0 2.0 2.0 2.0 3.0
Tast Material 1 6 830 225 250.81 0.5 0.5 20 1.0 3.0 20 2.0 20 3.0
Test Material 1 6 831 225 207.38 0.5 1.0 2.0 1.0 3.0 2.0 1.0 2.0 3.0
Test Material 1 6 833 225 211.21 0.5 20 3.0 0.5 3.0 30 2.0 20 3.0
Test Material 1 6 844 225 233,46 0.5 0.5 0.5 0.5 2.0 2.0 20 3.0 0.5
Test Material 1 7 807 675 722.71 0.5 6.0 6.0 50 5.0 6.0 4.0 4.0 6.0
Test Material 1 7 808 675 731.97 0.5 6.0 7.0 4.0 6.0 7.0 6.0 7.0 7.0
Test Material 1 7 810 675 717.80 0.5 5.0 7.0 5.0 7.0 9.0 60 8.0 11.0
Test Material 1 7 828 675 618.53 0.5 60 7.0 4.0 7.0 7.0 6.0 3.0 5.0
Tast Material 1 7 840 675 638.55 0.5 8.0 8.0 3.0 6.0 8.0 4.0 7.0 5.0

*Average body weight-adjusted dose for sach pig over the course of the study (days 0-14).
Note:
Date point flagged as potantial outlier (group msan < 5 pg/dL)

i . Data point flagged as potsntial outher (group mean > 5 pg/dL)
: Data point judged to be cutlier; excluded from further analyses

2_MSE2 Analysis.xls (TblIA-7_Bloed Outliers)



TABLE A-8 AREA UNDER CURVE DETERMINATIONS

Group Pig AUC (pg/dL-days) for Time Interval Shown AUC Total
Number|  0-1 1-2 23 3-5 5-7 7-9 9-12 12-15 | {pg/dL-days)

1 804 0.50 0.50 0.50 1.00 1.00 1.00 1.50 1.50 7.50
1 820 0.50 0.50 0.50 1.00 1.00 1.00 1.50 1.50 7.50
1 845 0.50 0.50 0.50 1.00 1.00 1.00 1.50 1.50 7.50
2 802 0.50 0.50 0.50 1.00 1.00 1.00 1.50 1.50 7.50
2 803 0.50 0.50 0.50 1.00 1.00 1.00 1.50 1.50 7.80
2 816 0.50 0.50 0.50 1.00 1.00 1.00 1.50 1.50 7.50
2 826 0.50 0.50 0.50 1.00 1.00 1.00 1.50 1.50 7.50
2 838 0.50 0.50 0.50 1.00 1.00 1.00 1.50 1.50 7.50
3 819 0.50 0.50 0.50 1.00 1.00 1.00 1.50 1.50 7.50
3 832 0.75 1.00 075 1.00 1.50 2.00 225 1.50 10.75
3 834 0.50 0.75 1.50 3.00 3.00 250 1.50 1.50 14.25
3 839 0.75 1.00 1.50 3.00 2.00 1.50 225 3.00 15.00
3 846 0.50 0.75 1.50 3.00 3.00 2.50 225 4.50 18.00
4 801 1.75 3.00 250 5.00 7.00 6.00 10.50 13.50 50.25
4 806 1.25 250 2.50 5.00 6.00 6.00 12.00 15.00 50.25
4 823 1.75 3.50 3.50 5.00 8.00 8.00 9.00 7.50 47.25
4 835 1.75 3.00 3.00 6.00 6.00 6.00 9.00 6.00 40.75
4 850 . . ) - -
5 809 0.50 0.50 0.75 1.50 1.50 1.50 1.50 1.50 9.25
5 812 0.50 0.50 0.50 1.50 2.00 2.00 4.50 6.00 17.50
5 817 0.50 0.50 0.50 1.00 1.50 1.50 225 3.00 10.75
5 824 0.50 0.50 0.50 1.00. 1.00 1.00 3.75 6.00 14.25
5 825 0.50 0.50 0.50 1.00 1.00 1.00 1.50 1.50 7.50
6 813 1.25 2.00 2.00 3.00 3.00 4.00 6.00 7.50 28.75
6 830 0.50 1.25 1.50 4.00 5.00 4.00 6.00 7.50 29.75
6 831 0.75 1.50 1.50 4.00 5.00 3.00 4.50 7.50 27.75
6 833 1.25 2.50 1.75 3.50 6.00 5.00 6.00 7.50 33.50
6 844 0.50 0.50 0.50 2.50 4.00 4.00 7.50 525 24.75
7 807 3.25 6.00 5.50 10.00 11.00 10.00 12.00 15.00 72.75
7 808 3.25 6.50 550 10.00 13.00 13.00 18.50 21.00 91.75
7 810 275 6.00 6.00 12.00 16.00 15.00 18.00 25.50 101.25
7 828 3.25 6.50 5.80 11.00 14.00 13.00 13.50 12.00 78.75
7 840 425 8.00 5.50 9.00 14.00 12.00 16.50 18.00 87.25

2_MSE2 Analysis.xls (TblA-8_AUCs)
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FIGURE A-1 BLOOD LEAD DATA BY DAY
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APPENDIX B

Data from Drexler—I12-Month Sample (2005)
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TABLE 1. Laboratory of Environment and Geological Sciences, University of
Colorado, Boulder

Project Name:(

EPA Phosphate

]

Run #: T Date;| 6/17/2005] Operator:|Drexler
Position Sample name Lab# | Wt. Grams | pH start | Starting | Stopping | pH stop
in rack time time
HER-
1 [HER-2930- 2030-1 |  1.00021]  1.544]  9:47  10:47] 1,569
HER-
»  |HER-2830-2 2930-2 | 1.00036 1544 947, 1047 1569
HER-
3 |HER-2930-3 2930-3 | 1.00036 1544 947, 1047 1.568
4
5
6
7
8
9
10 —
Project Name:‘ 1
Run#:L —I Date:[: Operator:(
Position Starting | Stopping
i rack Sample name Lab# | Wt. Grams | pH start | ¢ time | PH stop
1
2
3
4
5
6
7
8
9
10 _




In Vitro

HER-2930-1 all x20
HER-2930-2
HER-2930-3
HER-2930-3-AD

As ppm

-0.032
-0.027
-0.011
0.019

Pb ppm

(98]

17.322
17.062
16.874
16.755



TABLE 2. Preliminary Summary Of In Vitro Bioassay Resulis

Sample

HER-2930-1
HER-2930-2
HER-2930-3

HER-2930-1

HER-2930-2
HER-2930-3

QA/QC

HER-2930-3-AD

ID

Pb in <250u bulk soil mg/kg

2473
2465
2534

2021
2021
2021

mass soil (g)

1.00021
1.00036
1.00036

100021
1.00036
1.00036

2.47
2.47
2.53

2.02
2.02
2.02

calc Pb #1

ICP Pb (mg/l)

-17.322

17.062
16.874

17.322
17.062
16.874

16.755

solution amt (I)

0.1

0.1

0.1
0.1
0.1

% Relative Pb Bioaccessibility

-
o

67

86
84
83

Using
average
EPA value
for bulk Pb



3050

HER-2930-1
HER-2930-2
HER-2930-3
HER-2930-3-AD

DL

As ppm

2.57
2.31
2.63
4.16

5.00

v

Pb ppm
2473
2465
2534
2532

1.00



APPENDIX C

Detailed Results for 24-Month Sample from
Casteel et al. (2006b)



TABLE A-1 SCHEDULE

S[;l:sl‘/ Day Date Blecd Adm:i?ss:.mion Spei?:Ileel Weigh Dose Prep CUSOTEZ:;SEQH 3:3?::;
-5 Tuesday 6/13/06 trans:tion X
-4 Wednesday 6/14/06 transition X
-3 Thursday 6/15/06 X
2 Friday 6/16/06
-1 Saturday 6/17:06 X X X
1] Sunday 6118106 X X X
1 Monday {18/06 X X X
2 Tuesday 6/20/06 X X X X X
3 Wednesday 6721106 X X X
4 Thursday 6/22/06 X X
5 Friday 6/23/06 X X X X X
6 Saturday 6/24/06 X X
7 Sunday 6/25/06 X X X
8 Monday 6/26/06 X X X X
9 Tuesday 5727106 X X X
10 Wednesday 6/28/06 X X
11 Thursday 6/29/06 X X X X
12 Friday 6/30/06 X X X
13 Saturday 711106 X X
14 Sunday 712406 X X X
15 Monday 7/3:06 X X

C-2




TABLE A-2 GROUP ASSIGNMENTS

Pig
Number

Dose
Group

Material
Administered

Target Dose of
Lead
(pg’kg-day)

409
856
866

Control

0

402
405
407
419
857

Lead Acetate

25

401
412
416
421
855"

Lead Acetale

425
851
853
863
867

Lead Acetale

225

406
408
418
422
862

Test Material

75

417
854
859
861
864

Test Material

225

404
41
413
414
860

Test Material

675

*Pig 855 replaced pig 865 on Day -2 (6/16/06, pre-dosing).

O
[
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FABLE A-3 BODY WEIGHTS AND ACTUAL ADMINISTERED DOSES, BY DAY

Usply @il apin Mtegacdged Ditdoys -4 2 B & 11 arm] 14 Wit a (0f (5103 eyt o €3limuphad buinga] bn e o bot e italmit P damamsl | Atarnes 1] worhar o

Tay “Bary 1R Usy 4 Tar Bar ¥
Trowo A4 Fulane | G Pofime ¢ [T T P G [ G4 Py Dawmn
PR p; . BTy RS T I eI Sge et RS- E ] Al - 3 o]
1 \ER] (15 ) I e 153 LI ) &) m
t w3 om 23 o 1a
) D)) g oo . & o : : s 153
Ny Y (OE R 1) 3 F EASTY) Thh
? "y 23 IT IR L%
2 1y 4 2401 1w wi | ! 1.y
: we 149 1y ne 2 p 3 19
2 e : 4 3 5 st 1
Ly EH R s 90
' 124 008 IAE) y e
3 120 T8 2 M v P 157
3 103 ahan nik R : E 15
1. gl ; 882 s
) Tos » i 4y
d na Rt B ragw 13y
N we i [RL] V2 103
4 (1) H Hayn LR L
] 1y ! Pkl g
3 ) ' K X T oddwg Yiv o sl
» wy a4 TN IET)
» R I (AL R] LLE I 5.1
A LY s azed (Rt
Iy v » a3 un BN
J] HEZES)
" A7 LS A
a 34 RY e
" W
LN 840
r [ETR A
’ »e
’ EA] e "o
! A Az . m [ [FERANT)
i Laral h #3101 009 N2 el 114 oA s a1
Whised Dosas Late DOSes (N0 yusi menrs satsrsary)
Daa 34 P 411 0k tul il @by PAL3,v0 ity ztawe nutah W1 Dty come adpriend 1 758 Cuay - 193 322 Nt vl e Do AN i 3PN Snen
Gy 0 Py a2
Corf-Pane S T P 1y ¥ MM

Cay 2 Pryad



TABLE A-4 ANIMAL HEALTH

Naxcel Treatment for lliness

First Day of Pig Group Treatment
Treatment Duration
Day -2 (6/16/06) 855 3 4 days
421 3
863 4 5 days
Day 0 (6/18/06) 407 2 3 days
851 4
412 3
| 856 1 4 days
Day 1 (6/19/06) - 860 7 3 days
864 6
Day 12 (6/30/06) 864 6 3 days
Day 13 (7/1/06) 851 4 2 days

Necropsy Notes

Pig 861 (Group 6) had a cyst in his gallbladder; pig 864
(Group 6) had a diffuse pneumonia.




TABLE A-5

LEAD ANALYTICAL RESULTS FOR STUDY SAMPLES

B . Aclual Pb Reperiod
Sample Number | Tag Number] Matrix Nu‘:\:gber Gioup M:?:::T:: od Day BwaAdjDoss | Q| Conc | DL Aﬁ:;or;c Unils
(ug/kg-d) (uglg) 9
MSEJ-I09-(15)-L MSEI4TT  bGver 409 1 Costrol 15 a < 00 0 0005 uyg
M3E3-856-(15)-L MSE3455 tver 856 1 Control 15 0 < 0.0t 0 0 005 uglg
MSE3-866-(15)-L MSE3-476  hver 840 1 Contiol 15 J < 001 0 0.005 uglg
MSE3-402-(15)-L MSE3-460 bver 4502 2 Lead Acetale 15 26.43 0.036 0 0e36 ugiG
MSEJI-405-(15)-L MSEI-S36  tiver 105 2 Lead Acciale 15 267 0004 0 0.054 [Hely]
MSE3407-(15)-L MSE3-458 tiver 307 2 Lead Aceiate 15 25 0.044 0 0044 UGG
MSE3-419-(15)-L MSE3457 bver 419 2 Lead Acetale 15 2132 0.044 0 004 ugiG
MSEJ-857-(15)-L MSEJ467  liver 857 2 Lead Acetale 15 28.98 0.033 0 0G33 ug'g
MSE3-401-(15)-L MSE3-465 bver 401 3 Lead Acetate 15 66.8 0099 0 0.0M ugiy
MSE3-855-(15)-L MSE3-478 kver  B5% 3 Lead Acetale 15 © 89.22 D.087 o D087 UGy
MSE3-421-(15)-L MSE3448  Wver 421 3 Lead Acetate 15 83.09 0.17 0 07 uglg
MSE3-412-(15)-L MSE3450 Kkver 412 3 Lead Acetate 15 7121 0.11 0 011 ug'g
MSE3-416-{15)-L MSE3451 bver 416 3 Lead Acetate 15 76 98 0.14 n 013 ugig
MSE3-425-{15)-L MSE3-461 hver 425 4 Lead Acelate 15 23535 0.18 o 018 [t
MSE3-851-(15}L MSE3-456 bver  B51 4 Lead Acetate 15 246.72 0.26 0 026 Uy
MSE3-853-{15)-L MSE3-471 Wker  £53 4 Lead Acetale 15 221.5 0.52 G 052 ugsy
MSEJ-863-(15)-L MSE3-463  Wver  BG3 4 tead Acelate 15 244 32 0.63 0 062 ugy
MSE3-867-(15)-L I4SE3-462 Wver  B67 4 Leid Acetate 15 206.5 0.36 0 0.36 ug
MSE3-422{15)-L MSE3-469 bver 22 5 Test Matesiai 2 15 82.31 0.086 0 008 [E,10)
MSE3406-(15)-L MSE3444 bver 406 5 Teut Materal 2 15 81.97 012 0 0.2 uGG
MSE3-8G2-(15)-L MSE34C8 tver 862 5 Test Materia 2 15 74.88 0.0823 4] 0caa ugiy
MSEI08-(15)-L MSE3-445  dver 208 5 Test Materat 2 15 3i19 o.n 0o 01 uy'y
MSEF-418-(35)L MSE3473  fver 418 5 Test Materal 2 15 66 54 0.095 G 0095 ugg
MSE3-$17{15}-L MSE3464  bver 417 6 Test Matenal 2 15 231.04 0.28 o o028 ugig
MBE3-854-(15-L MSE34T5  Ever 854 & Test Matenal 2 15 252.97 0.22 0 0.22 WG
MSE3-859-(15FL MSE3-470  Ever  E£59 6 Test Matesia( 2 15 230.04 032 0 032 ugy
MSEI-BE1-(15)-L MSEI46L  Ever 461 [} Tesl Matenial 2 15 22343 0.36 0 036 ugg
MSEI-B6<-(15}L MSE3452 kver  8G4 € Test AMalerat 2 15 216 0.18 0 018 LG9
MSE3-$11-(15)-L MSE3449  Sver 411 7 Test Materiat 2 15 809.26 088 0 o088 wg;
MSE3-8GO-(1SHL MSE3I4TS  Ever 860 T Test Materiaf 2 15 672 54 05 ¢ 05 ug'g
WMSE3-413-{15L MSEI433 _ ver 413 7 Test Material 2 15 672.06 1.26 0 126 ug'g
MSEL-404-{15)-L MSE3447  bver 404 7 Test Matesial 2 15 645.85 0.25 D 085 Gy
MSE3-414-(15)-L MSE3-472  bvor 414 7 Test Materiat 2 15 665.24 0.57 G 0.57 ue
MSE3-4G9-(151-K MSE3 485 kdiay 208 1 Cosdsol 15 [ < 031 8 0065 wry
MSE3-856-{15)-K MSEI478  kidney 256 1 Consol 15 o < 001 6 0005 UGG
MSEI-B66+15)-K MSEI-S05  kangy 856 1 Control 15 [ < 0.01 0 0005 GG
MSEI419-{15)-K ]MSEI488  hidney 418 2 Lead Acetale 15 2132 062 c 062 LG
MSEI-8S7{15}K MSEI<CH  kidney 857 2 Lead Acetate 15 28.98 0.02 0 002 uz'g
MSEII02(15FK MSE34S5  dney 202 2 Lead Acetate 15 26 43 0.03 0 0¢3 [F s}
MSEIS05-(15)-K IMSEI-538  kidnay <05 2 Lead Acclate 15 25.7 0.02 ¢ 002 V-1
MSEIS07-(1SHK MSEI-S05  kutney 507 bl Lead Acefate 15 25 0033 © 00X vG'g
MSEI412-(15HK MSES-504 _ kidney 412 3 Lead Acetale 15 T1.21 0.6095 0 0fg95 vy/g
MSEZ416(15HK MSET-S08  kidney 316 3 f{esd Acetaley 1S 76 98 0.067 0 0ce7 vg'g
MSEI421<15-K MSEI495  kidney 421 3 Lead Aceldte 15 83.09 0.14 6 014 g
MSE3-B55-(15yK MSE3}-513  kikiney B55 3 tead Acelste 15 8923 oce 0 oce UG
MSEIAQT(15)-K MSEIAST  hiney 401 3 fead Acelale 15 66.8 6 C8 6 008 LGy
MSE3-863-(15)-K MSE3 493 kidney 863 4 Lead Acetate 15 244 32 03 6 031 uglg
MSEI425-(15)-K MSEI-SNT  kidney 425 4 Lead Acetate  t5 23535 0.5 o 015 uiyfg
MSE3-853( 151K MSE3-511  kidney B53 4 Lead Acetate 15 2215 0.31 0 03t uig
MSE3-867-(15F-K MSE3<485  hdney BG7 4 Lead Acetate 15 2065 0.26 6 023 g
MSE-851{15)K MSE3490  kudney 851 4 Lead Acelate 15 246.72 0.17 6 0 w9
MSEZ408-(1SFK KMSEZ-SU3  kiney 406 5 Test Matermy 2 35 81.97 0.064 0 O0fted v’
MSE3-08-(15)-K MSE3I48D  hichey 408 5 Test ftaterial 2 15 81.19 0078 0 0078  ugg
MSE3-$18-(15)-K MSEI-514  kivney 418 5 Test Malemi 7 15 66 54 0074 0 go74 w'g
MSE3422{15HK MGEIA3  kidney 422 5 Test Matenal 2 15 82.31 0.055 0 005 [T
MSE3-86Z(15)-K MSEI-S0T  kiney 8562 5 Test Matenal Z 15 74.88 0.066 ¢ 0LEH ugg
MSE3-854{15}-K MSE3 488 kidney 854 6 Test tiatenal 2 15 25297 G117 o 07 g
MSE3I-8G415yK MSEI-506  kidney 864 6 Test Materal Z 15 216 015 [0 2 2 £ oy
MSEI-B61-{15FK MSE3487  kidney 861 6 Test Materal 2 15 22343 0.19 0 019 ug'g
MSE3417(15,K LISE3485  kidney 417 6 Test Matertal 2 15 231.04 0.27 0 0627 o'y
LISE3-BSS{1SM-K LISE3<9Y  kidney 859 6 Tost Ataienat 2 15 230.04 0.19 0 0% [¥>5)
KSEI-B60-(15}-K 1ISE3492  kilney 86O 7 Test Materaf 2 15 672.54 027 0 ez7 L'
MSE304{15FK MSE3I-S10  kafey M 7 Test hiateraat 2 15 645.85 0.36 0 056 Lg'g

C-6



TABLE A-5

Actua! Pb Reported i
Sampls Nu'nberITag Number| Matix Nu?m Gro;l A d’r‘::r'“"s"“::u 4| Day | BwAgCose | Q| Conc foL Aﬁi;"gT umu]
{ug/kg-d) {ugfg)

MSE3-411{15)-K MSE3493 «idney 411 7 Test Matenal 2 15 809 26 042 (1} ugiy
MSE341315}-K MSE3482  kidney 413 7 Test lAatetial 2 15 672 06 ()] 0 068 uglg
MSE3-414-(15}-K MSE3-512  kidnay 414 7 Tesl Materiat 2 15 665 24 042 Q 042 ugig
MSEJ-866-(15)-F MSE3-515  femur  8GG 1 Conuol 15 0 < 04 04 02 1Ky'g
MSE3-403-(15)-F MSE3-531 femur 409 ) Control i5 0 < 04 04 02 gy
MSE3-856-(15)-F MSE3-543  lemwur 856 1 Conlrol 15 0 15 315 ugig
MSE3-402- (15)-F MSE3-549 femur 402 2 Lead Acetale 15 26.43 s a5 05 w'g
MSEJ3-405-(15)-F MSE3-518 femur 405 2 Lead Acelate 15 267 1 04 1 ugig
MSE3-407-(15)-F MSE3-539 femur 407 2 Lead Acelale 15 25 1 043 t ugig
MSE3-419-(15)-F MSE3-548 femur 419 2 Lead Acclate 15 21.32 0.6 05 Go ugig
MSE3-857-(15)-F MSE3-524 fermur 857 2 Lead Acelate 15 28.98 1 04 1 Wiy
MSE3-421-{(15)-F MSE3-527 femur 421 3 Lead Acelate 15 83.09 a1 04 41 uglg
MSE3-416-(15)-F MSEJ-526 femur 416 3 Lead Acetate 15 76.98 4.2 04 42 ugig
MSE3-401-{15)-F MSE3-537 lemur 401 3 Lead Acctate 15 668 .2 0.4 232 uglg
MSE3-412-(15}-F MSE3-547 femur 412 3 Lead Acctate 15 72 3. 6.5 3. uglg
MSE3-855- (15)-F MSE3'533 femur 855 3 Lead Acetale 15 89.23 29 04 29 ugly
MSE3-425-(15)- F_MSES-534 fernur 425 4 Lead Acetate 15 235.35 75 g4 7.5 ugig
MSE3-851-(15)-F MSEJ-523 femw B51 4 Lead Acetate 15 23572 74 04 74 ugig
MSE3-853-(15)-F MSE3-528 femuwr 853 4 Lead Acelate 15 2215 14 0.4 14 wylg
MSEI-863-(15)-F MSE3-521 femur 863 4 Lead Acetate 15 24432 5 04 15 ugly
MSE3-867-(15)-F MSEJ-541  temur  BG7 4 Lead Acetate 15 206 5 6.5 a5 65 ug/g
MSE3-406-{15)-F MSE3-542 femur 406 5 Test Material 2 15 81.97 23 05 23 ugig
MSE3-862-{15)-F MSE3-538  lemw 862 S Test Material 2 15 75.88 3.2 ¢4 32 uglg
MSE3-422-(15)-F MSEJ-500 femus 422 5 Test Matesial 2 15 82.31 19 05 19 ugig
MSE3-408-{15)}-F MSEJ-546 femur 408 5 Test Material 2 15 £1.19 31 04 3t ug/g
MSE3-418-(15}-F MSE3-540 femur 418 5 Tesl Maicrial 2 15 G6.54 27 05 27 ugly
MSE3-4174{15)}-F MSE3-516 lemur 417 6 Test Material 2 15 23104 9.1 04 91 ugig
MSE3-854-{15)F | MSE3-536 femur 854 6 Test Material 2 15 25297 7.1 04 71 ug/g
MASE3-B59-{I5}F MSEI-545 femur 854 6 Tesl Matenal 2 15 230.04 7.1 04 7.3 ug/g
MSE3-861-(15)}-F MSEI-522 {ermwr 861 6 Test Material 2 15 223.43 8% 04 89 wyig
MSEJ-864-(15)-F MSEI-S520 femur BG4 [ Test Materiil 2 15 216 59 0.4 59 ugig
MSE3-404-(15)}F MSE3-525  femur 403 7 Test Material 2 15 64585 27 04 27 ugylg
MSE3-414-(15F-F MSE3-532 temusr 414 7 Test Matenial 2 15 665.24 7 84 17 uy'g
MSE3-86015-F MSE3-539 femur 860 7 Test Malerial 2 15 67254 13 04 13 ug'g
MSE3-411-(15-F MSE3-528 fermwr 411 7 Test Material 2 15 809.26 3 04 23 ugiy
MSE3-213-{15}F MSEI-535 fernur 413 7 Test Malecial 2 15 67206 pal 0.4 23 ugig
MSE3B556{0)-B MSE3 112 blood 866 1 Control o 0 PR T 05 ey
MSE3-403-0)-B MSE3I- 106 biood 409 t Contiol o 0 < % [ V) ugfdL
MSE3-856-{0)-B MSE3-136 blood 856 ' Conlral 0 0 < 1 P05 ugidt
HSE3-£02-(0)-B MSE3I-108 blood 402 2 Lead Acewate O 27.47 < 1 1 0.5 ugidL
HSEI-405-(0}-B MSE3-137  blood 405 Z Lead Acelate 6.7 < 1 } 05 ugydl
MSE3-40740)-8 MSE3-107 bicod 407 2 Lead Acelate O 25.96 < i P05 ugidl.
ISE3419-01B MSEI-121 blood 419 2 Lead Acetale O 2204 < 1 105 ugioL
MSE3-85740)B MSE3-125 bicod 857 2 Leac Acelate 0 3136 < 1 IIEES ugidl
MSE3-421-0}B MSE3-109 biocu 421 3 Leau Acetate O 83.49 < 1 1 05 ug/L
MSE3401<0FB MSE3-1i8 Dblood 401 3 Lead Acetate O 69.63 < 1 H 8.5 ugidh
MSE3-416-(0)-B MSEI-134  Bood 416 3 Lead Acelaie 0 76.79 < 4 i 05 gl
MSE3-355-(0)-8 MSE3-138 Dblood 855 3 Lead Acetaie O 9142 < 1 i 05 ug/ol
MSE331240)B MSEI-130 uiood 412 3 Leaxl Acetate O 72.84 < 1 f 05 ugrdL
MSE3—425-(0)—8 MSE3-131 blood 425 4 Lead Acetate C 247.87 < 3 1 0.5 ug gL
MSEJ-853-(0)-B MSE3-102 blood 853 4 Lead Acctale @ 22457 < i 1 0.5 ugrdL
I»SEB-GG?—(O)—B MSEJ-122  biood 867 4 Lead Acelate 0 209.98 < 1 105 ugdL
HSE3-85140)B MSE3- 113 blood 851 4 Lead Acetate 0 253 59 < 1 105 ugrdL
MSE3I863(0)}8 MSEI 126 blood 863 4 Lead Acetale O 259.17 < 1 1 05 ug/dL

ASE3-406-(0)-8 .MSEJ»-IZJ biood 406 5 Test Malenial 2 0 89.47 < i t a5 wgidl
MSE3-408-0)-B MSEJ-115 bloot 403 5 Tes! Material 2 0 86.57 < 3 T 05 ug/ul
MSE3-418-{0)-B MSE3-128 blood 418 ) Tesi Materini 2 0 67.96 < 3 i 05 ug/oL
MSEI$2240)-B MSEX131 blood 422 5 Tes! Materia) 2 0 8307 < 4 1 05 wgidl
MSE3-362-0)-8 MSE3-! i6 _ bbod 862 5 Test Malc-nal 20 76.75 < 1 1 05 ugrdl
MSE3854{0}B MSE3I- 147 blood 858 6 Tes! Material 2 0 257.64 < % 1 95 ugidL
MSE3-864-{0}B MSEI 135 blood 864 6 Tes! Material 2 0 227.75 < 3 i 05 ug/dL
MSE3-859-{0}B MSE3-104 blood BS9 6 Test Material 2 0 24495 < 1 1 as ugidL
MSE3-417-{0}8_KISE3 32 bood 417 6 Test Mateia) 2 0 2335 < 1 1 95 ug/dL
MSE3-861-{0)-B MSE3-1:9  bicod 861 6 Test Material 2 0 2214 < % 1 05 ug/dt.
MSE}-404-(0}B MSE3-133  blood 404 7 TesiMoterial 20 643.43 < 3 105 ugidL
MSE3-41 ‘-{0)»8 TISEI 124 blood 411 7 Tesi Matexiai 2 0 839.07 < 1 t 05 ugidl
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MSE3-413-(0F8 MSE3-127  blood 7 Test Material 2 0 £79.99 < 1 105 ugdL
MSE3-414-0}-B MSE3-134  tlood 414 7 Test Matenat 2 0 7071 < 1 105 ugidL
MSE3-860-(0)-8 MSE3-105  blocd 860 7 Test Material 2 0 700.8% < 1 t 05 ugidt
MSE3-866-(1)-B MSE3-156 blood £G6 1 Centrol 1 0 < 1 1 05 ugidL
LISE3-856-(1}B MSE3-176 bluod 856 1 Contiol 1 0 E 105 ugidL
MSE3-409-(1)}B MSE3-165 blood <09 1 Centrot 1 0 <1 105 ug/dl
MSE3-402-(1}8 MSE3-163 blood 402 2 Lead Acetate 1 26.66 < 1 108 ugioL
MSE3-407-(1}8 MSE3-148 blcod 407 2 Lead Acetats | 2495 < 1 105 ugidl
MSE3419-(1}B MSE3-171 blood 43¢ 2 Lead Acetate 1 2138 < 1 i 05 ugidL.
MSE3-857-{1)-8 MSE3-167 blood 857 2 Lead Acelate 2985 < 1 105 ugdL
MSE3405-(1)-8 MSE3-140  blood 405 2 Lead Acelate 2623 <t 1 05 ug/dL
MSE3-855-{1)-8 MSE3-166 blood 855 3 Lead Acetate 1 89.06 < 1 105 ugidL
MSE3-301-(1)-B MSE3-145 bicos 4301 3 Lead Acetate 1 67 25 < 1 i 05 ugidL
MSE3-412-(1}8 MSE3-174 blood 312 3 Lead Acelate 1 69 89 < 1 105 ugtdL
MSE3-416-(1)-8 MSE3-170 blood 416 3 Lead Acclate 1 7564 < 1 105 ugidL
MSE3-421-(1}-B MSE3-157 blood 421 3 Lead Acetate | 26.27 1 105 ugidL
MSE3-867-(1)-B MSE3-152 blcod 867 4 Lead Acetate 1 204 76 2 12 ugiiL
MSE3-863-(1)-8 MSE3-158 bivod 863 4 Lend Acetate 1 2475 2 12 ugrdl
MSE3-853(1)-8 MSE3-172 biood 853 4 Lead Acetate 1 21861 34 T34 ug'dL
MSEI-425-{1}8 MSE3-173  blood 425 4 Lead Acotate 1 239.59 1 1o ugidL
MSE3-851-(1)}-B MSE3-155 ULlgod 85t 4 Lead Acetate 1 248.25 ' o ugrdl
MSE3-406-(1)-B MSE3-147 blkod 406 5 Test Malesiat 2 1 BG 43 < 1 105 uglok
MSE3-408-(1+8 MSE3-160 biood 408 5 Test Materiad 2 1 83.46 < 1 105 ugdL
MSE3-422-(11-8 MSE3-149  blood 422 5 Test Maierial 2 82.94 < 1 1 05 ugidL
MSE3-418-(1}8 MSE3-146  bLicod 418 5 Teat Material 2 1 66 44 < 1 105 ugidL
MSE3-862-(1}8 MSE3-159 bicod 862 5 Test dMalost 2 1 75.13 < 1 105 ugidL
MSE3417-(1)-B MSE3-169 biood 417 6 Test Matesial 2 1 234.92 < 1 105 ugidL
MSE3-854-{1)}B MSE3-141 blcod 854 6 Test Malerial 2 1 253.7 2 12 ugidl
MSE3-B59-(1}B MSE3-154 blood 859 6 Test Material 2 1 23566 1 Vo ug/dL
MSE3-861-(1}-B MSE3-164 Dblood 861 6 Test Malerial 2 1 220 67 1 1 ugidL
MSEJ-864{1}-B MSE3-163 bivod 864 6 Test Malerial 2 1 22035 2 12 ug/dL
MSEJ-B60-{1)98 MSE3-161 blood 860 7 Test Material 2 1 683.87 3 Y3 vgidlL
MSE3404-(118 MSE3-151 biood 404 7 Tesd Material 2 1 625.76 2 12 ugidL
MSE3-411-(1}8 MSE3-144 blood 411 7 Test Malerial 2 1 847.27 < 1 105 ug/dlL
MSE3-413-(1)8 MSE3-142_ blood 413 7 Tost Materiol) 2 661.2 6 16 vgdl.
MSE3-{14-(1}B MSE3-150  blood 414 7 Test Matorial 2 1 633.87 4 V4 _ugidL
MSE3-408-(2}-B MSE3-200 blood 409 1 Contsol 2 4] < 1 1 05 uydl
MSE3-856-2)-B MSE3-184 bicod 856 1 Controt 2 0 < 1 105 ugdt
ISE3-866-(2)-8 MSE3-207  Uioos 866 1 Cantrol 2 [+ < 1 1 05 ugidL
14SEI419-(2)-8 MSE3-197 bicod <19 2 Lead Acetaie 2 20.76 < P05 gL
MSE3-85742)-B MSE3-188  blood  BS7 2 Lead Acelate 2 28.48 < 1 1 05 ugidL
MSE3-405-{2)-B MSE3-205 biood 405 2 Lead Acewate 2 25.78 < 1 05 ug/dt
MSE3-40242)-8 MSE3-189 biood 402 2 Lead Acetaze 2 25.89 < 1 105 Ul
MSE3-407-(2)-B MSE3-195 blood 407 z Lead Acetaie 2 2402 < 1 105 ugidL
MSE3416-(2)-8 MSE3-201  blood 436 3 Lead Acetaie 2 74 51 < 1 105 ugidl.
MSE3-401-{2+8 MSE3-179 biood 401 3 Lead Acetate 2 65.0% < 4 1 05 vgidL
MSE3-423-{2)B MSE3-202 bleod 421 3 Lead Acetate 2 83.78 < 3 105 weidl
IASE3-B55-(2)-B MSE3-210  bicod 855 3 Lead Acciaie 2 86.82 < 1 P05 ugrdl
ISE3412-(248 MSE3-Z14  blood 432 3 Lead Acetate 2 67.17 < 1 Tt 05 ug/dt
MSE3-853-(2F8 MSE3-209 blood 853 2 Lead Acewate 2 212.97 31 133 ugidL
MSE3-8G3-{2)-8 MSE3-198 bicod 863 4 Lead Acotaie 2 235.83 68 1 63 ugidL
MSE3-851-(2)-8 MSE3-186 rLieos 851 4 Lead Acelsiec 2 243.12 1 [ ug/dL
SEI425(2)B MSE3-192  bicod 425 4 Lead Acctae 2. 231.8¢ 2 12 ug/dL
MSE3-86T42)B MSE3-203  blood 857 3 Lead Acewte 2 199.8 2 102 ug/oL
MSE3}-406-(2)8 MSE3-191 bicod 408 5 Test Malerial 2 2 83.59 < 1 105 ugiol
BSE3-408-{2)8 MSE3-190 bicod 408 5 Test tdawrial 2 2 8057 < 1 t 05 ug/dt
MSEI418-(2}B MSE3-187 bicod 418 5 Tex Malcriat 2 2 64 98 < 1 105 ug/dL
I4SE3-322-(2)-8 MSE3-177  biocod 422 5 Test Material 2 2 £2.61 < 1 1 05 ugidl
MSE3 86242}-8 MSE3-193 biood 862 5 Test Material 2 2 7357 i 1 vl
MSE3-801-(2}8 MSE3-212 blood 861 6 Test Matarial 2 2 214.33 3 13 ugiul
MSEIBES{2)-B MSE3-211  bicod 864 6 Test Maleriat 2 2 21341 2 12 vgidL
MSEI-BS4-{2)-B MSE3-196  bicod 854 6 Test Materal 2 2 249.87 2 2 ugidL
MSE3S17-2+B MSE3-185 blood 417 6 Test Material 2 2 227.05 i 1o ugidL
MSE3-850-{2)-B MSE3-199 blcod BSSH 6 Test Katerial 2 2 227 05 2 12 ugidL
MSE340442)-8 MSE3-182 bhicod 404 7 Test tdaterial 2 2 609.05 3.8 138 ugidL
BSE341142)1B MSE3-1738 bicod 411 7 Test Material 2 2 815.13 3 13 ugidl
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MSE3-413-{2)-8 MSE3-206 bicod 7 Test ffatenal 2 2 64343 7.1 1 A urdl
MSE3-414-(2)-B MSE3-194  bicod 414 7 Test Malerial 2 2 662.12 5 i 5 ugidl
MSE3-860-12)-B MSE3-204  blocd 860 7 Test Malerial 2 2 667 65 33 1 33 udl
MSE3-409-{3)-B MSE3-247 blood 409 1 Controt 3 @ < 1 i 0.5 wpdl
MSE3-856-(3)-B MSE3-243 bicod 856 1 Countict 3 4] < 1 it 0S§ ugidL
MSEJ3-866-(3)-B MSE3-230 Licod 866 1 Control 3 Q S| 1 [V ugidL
MSE3-407-(3)B MSE3-225 bloos 407 2 Lead Acelaie 3 25.62 < 1 1 0.5 ugidlL
MSE3-419-(3}-B MSE3-240 blcod 419 2 Lead Acetaic 3 2208 < 1 1 0.5 ugidl.
MSE3-402-(3)-B MSE3-220 tiood 402 2 Lead Acelate 3 21.75 < 1 1 a5 wy/dL
MSE3-405-(3;-B MSE3-237 blood 435 2 Lead Acetate 3 2779 < 1 1 [} ugidl
MSE3-857-(3}-8 MSE3-233 blood 857 2 Lead Acelate 3 3047 < 1 1 05 ugidl
MSE3-401-(3)-B MSE3-236 blood 401 3 Lead Acelale 3 69.31 2 ! 2 ugdt
MSEJ3-412-{3}-B KSE3-231 Dlood 412 3 Lead Acelale 3 72.05 1 1 1 vgrdl
MSE3-416-(3)-B MSE3-232 blood 416 3 Lead Acelate 3 79.79 1 1 1 ug/dl
MSEI-421-(3)-B MSE3-217  bleod 421 3 Lead Acelaie 3 87.83 1 1 1 ug/dL
MSE3-855-(3)}B MSE3-226 blood 855 3 Lead Acelate 3 93.28 2 1 2 ug/dl
MSE3-851-{3)-B MSE3-244  blood 851 4 Lead Acelale 3 25538 3 1 1 ugidl
MSE3-425-(3}-B MSE3-235 biood 425 4 Lead Acctate 3 24694 3 103 ugidlL
MSE3-867-(3)-B MSEJI-238 bicod EG7 4 Lead Acetate 2 21217 3 1 3 ugrdl
MSEJ-863-(3}-B MSE3-242 bleod 863 4 Lead Acetale 3 25286 3 1 31 uagdl
MSEJ-853-(33-B MSE3-236 bleod 853 4 Lead Acetate 3 2278 4.4 1 4.4 ugdl
MSE3-862-(3)-8 MSE3-222 bicod 862 5 Test Material 2 3 76.31 2 1 2 ugidl
MSE3406-{3}-8 MSE3-223  bicod 406 5 Test Material 2 3 85.73 < 1 1 0.5 ugfdl
MSEJ-408-(3}-8 MSE3-241 blood 408 5 Test Maleriat 2 3 8359 < 1 1 05 ug/dl
MSE3-418-(3)-8 MSE3-233  blood 418 5 Test Matenal 2 3 67.53 < 1 1 05 ugidh
MSE3422-(3)-8 AMSE3-229 bicod 422 5 Test Materia! 2 3 8547 < 1 i 0.5 ugidl
MSE3-854-(3)}-8 WISE3-251 blcod 854 6 Test Material 2 3 26471 2 1 2 ugadl
MSE3-859-(3+0 MSE3-245 bicod 859 6 Test Material 2 3 240.76 34 1 34 ugidl
MSE3-861-(3)-3 MSE3-216 bicod BB1 6 Test Matenat 2 3 228 87 3.1 131 ugidl
MSE3-864-(3)-8 MSE3-228 hiood 864 6 Test Materéal 2 3 22506 2 1 2 vgidL
MSE3-417-(3}-B MSE3-252 bkwd 437 o Test Materiat 2 3 240Q.76 2 1 2 vgidl
MSEJ-41343)B MSE3-215 blood 413 7 Test Material 2 3 689.34 6.2 1 6.2 ugrdl
MSE3-414+3)-8 MSE3}-248  blood 414 7 Test Matenai 2 3 698.16 7.3 173 g/dl
MSEJ-B60-(33-B MSE3-224 bood EGO 7 Test Material 2 3 70193 4.5 1 45 vsAdl
MSEJ-404-(3;B MSE3-221 blood 304 7 Test Material 2 3 655.96 34 1 34 ugdt
MSEI4 114348 MSE3-250 blood 411 7 Test Material Z 3 86(.61 3 1 3 _ugid
MSE3400-{5)-B MSE3-255 tlood 409 1 Conliol 5 o < 1 1 05 ugral
MSE3-856-(5}-8 MSE3-27T6 tiod 856 1 Controf 5 8 “ 1 105 ugial
MSE3-B66-(5)8 MSE3-267 twwod 8GG 1 Controt 5 1] < 1 1 0.5 vg/dl
MSE3-402-{5)-8 MSE3-290 blood 402 2 Lead Acctate S 2663 < 105 v
MSEI405-(S}-B MSE3-270  bicod <05 2 Leadt Acetaie S 2695 1 TR ugidL
MSE3G7-(5FB MSES-278  bkod 407 2 Lead Acetate 5 2435 < 1 1 05 (218
MSE3I-419-(5}-B MSE3-257 blood 4319 2 Lead Acelaie 5 20.86 < 1 1 05 ug/dL
MSEJ-857-(5)}-8 PMSE3I-Z7T dlood 857 2 Leao Acetate 5 29 13 < 1 1 0.5 ugtl
MSE3-416-(5)-8_MSE3-280 blood 436 3 Lead Acetate 5 77.43 33 33 ug/L
MSEI-421-(5}-8 MSE3I-269 biood 421 3 Lead Acetate 5 82.53 3 1 3 wg/dl
MSE3412-{5}8 MSE3-260 blood 412 3 Lead Acete 5 69 88 2 12 vgidl
MSE3-401-(5}-8 MSE3-253 blood 401 3 Lead Acetate 5 66.41 31 (RN vl
MSE3B55.(518 MSE3-285 blood 855 3 Lead Acetate 5 90.75 3 to3 ugidl
MSEI-425(5-8 MSEI-Z65 Bicod 425 < Lead Acetate 5 237.14 4 4 ugd
MSE3-851-{5/-8 MSE3-281 tlood 651 < Lead Acetate 5 239 03 El 14 ugdt
MSE3-853-(51-B MSE3-256 blood 853 < Lead Acetate S 220.52 5.3 153 ugidL
MSE3-86345)-8 MSE3-254 blod 863 4 Lead Acetate 5 243.92 6.5 165 updL
MSE3-867-(5}B MSE3-272 bkod 867 4 Leac Acelate S 202 58 43 143 ugidl
MSE3406-(518 MSE3-279 ticod 406 5 Test Material 2 5 79.73 3 i3 L5908
PSE3-408-(5}-B MSE3-271 biood 498 5 Test Material 2 5 79.39 2 1 2 ugidl
MSE3.418-(58_ MSEI-258 bicod 418 5 Test Materit 2 5 6432 2 o2 ugrdl
MSE3-422-5}-8 8ASE3- 264 bicod 422 5 Test Material 2 5 804 1 1 1 ug/dl
MSEI-BG2-(5)}B MSE3286 blood 862 5 Test Materii 2 5 7242 3 1 3 va'dl
KSEI-B64-(5-8 MSE3-266 bkod 864 6 Test Matenal 2 5 212,12 35 t 35 ugid
MSEJI-854-(S}-8 MSE3-273  bicod 853 6 Test Matenal 2 5 25158 4.3 1 a3 gL
MSE}-861-{5+B BMMSE3-288 bicod 8G1 6 Test Materiad 2 5 220.78 48 1 48 el
MSE3-859(5}-8 MSE3-268 bicos 859 6 Test Material 2 5 229.19 43 143 uga
MSEII17-(5H8 XSEIZT3  bBlvod d17 ) Test dMatecial 2 5 22910 51 1 51 ugdt
MSEI-104-(5)-8 MSE3-283 biood 204 7 Test Maten 2 5 643 6 t 6 gt
MSE3411(5}-B MSE3-263 biood 31 7 Test Materia! 2 5 830.67 59 1 59 ugicl
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MSE3-41346)-B MSE3-282 blood 7 Test Malonat 2 5 670.31 62 162 ugidl
MSE3-414-(5)-8 MSE3-287 blood 414 7 Test Material 2 5 657 61 86 1 §& ugidt
MSE3-860-(5;-B MSE3.262  blaod 860 7 Test Matcnal 2 5 657 51 57 i 57 ugidL
MSE3-309+7)-B MSE3-31G blood 403 1 Control 7 0 < 1 T 05 ugiol
MSE3-856-{7)-B MSE3.321 lood 856 1 Contat 7 0 < 1 i G5 ugidL
MSE3-866-{7)-B MSE3-327 blood 8G6 1 Covdral 7 0 < 1 105 uget.
MSE3-302-{7)-8 MSE3-322 blood 402 2 Lead Acetale 7 2645 ! 105 ugloL
MSEJ405-{7}-B MSEI-293 biood 405 2 Lead Acetate 7 26.63 2 t 2 ugol.
MSE3-407-{7)}-8 MSE3-302 biood 407 2 Lead Acatate 7 24.98 < 105 ugioL
MSE3-419-{7)-B MSE3-305 blood 410 2 Lead Acelale 7 213 <« 105 ugiaL
MSE3-857-(7)-B MSE3-316 blood 857 2 Lead Acetale 7 28.98 1 [ ugidl
MSE3-416-(7)-B MSE3-311 biood 416 3 Lead Acetate 7 78 89 49 i 49 ugidL
MSE3-421-(7)-B MSE3-318 blood 421 3 Lead Acetate 7 83.55 3 t 3 ugicL
MSE3-101-(7)-B MSE3-312 blood 401 3 Lead Acelale 7 66.93 3 13 ug'dL
MSE3-412-(7)-B MSE3-323 blood 412 3 Lead Acetate 7 7201 3 t 03 ugidt
MSE3-855-(T)-B MSE3-207 blood 855 3 Lead Acelate 7 90.71 a7 137 ugidL
MSE3-425-(7)-B WMSE3-315 blood 425 4 Lead Acelale 7 236.08 5.2 t 52 uglel
WISE3-851-(7)-B MSE3-328 blood 851 4 Lead Acetnio 7 24519 5.1 151 wgidL
MSE3-853-(7)}B MSE3-299 blood 853 4 Lead Acelale 7 223.63 7 7 ugidl
MSE3-853-7)-B MSE3-314 Dblood B63 4 Lead Acetate 7 2455 6.7 167 ugrdL
MSE3-867-(7)-B MSE3-326 blood 867 El Lead Acctate 7 206 67 38 1 38 ugidL
MSE3-408-(7)-8 MSE3-324 blood 408 5 Test Maesial 2 7 8144 2 P2 ugiiL
MSE3-862-{7)-B MSE3-308 blood 862 5 Tes! Matenal 2 7 75.74 3 103 vgil
MSE3-41847)-8B MSE3-288 blood 418 5 Test Matenal 2 7 66 36 35 i35 ugidL
MSE3-106-(7)-8B MSE3-294 blood 406 5 Test Material 2 7 81.76 3.2 32 ugidL
MSE3-422-(7}8° MSE3-295 biood 422 5 Test Material 2 7 8264 2 12 vgiol
MSE3-41747)-8 MSE3-291 biood 417 G Test Matenal 2 7 227 .41 5.4 154 ug/cL
MSE3-854-(Tj-B MSE3-308 blood 854 6 Test Materiai 2 7 251.44 43 t 43 ugidL
MSE3-859-(7}-B MSE3-300 biood 859 6 Test kiatarial 2 7 229.82 5.3 53 ugicL
MSE3-861(7}-B MSE3-304 blow 861 6 Test Malerial 2 7 22477 49 149 ugidL
MSE3864-{7)-B MSE3-206 blood 864 6 Test Matenal 2 7 21477 55 1 55 ugloL
MSEZ-860-{7)-B MSE3-301 blood 860 7 Tes! Material 2 7 666.54 84 i 84 vgrdl
MSE3411(7TFB MSE3-325 blcod 411 7 Test Material 2 7 817.18 7.6 1 76 ugiol
IASE3-41347)-B MSE3-303 blood 413 7 Test Matenal 2 7 57881 8.3 1 88 ugidL
MSE3-414<7}B MSE3-306 blod 414 7 Test Mateoal 2 7 663.35 96 1 96 vyl
MSEI-S047THB MSEF 292 bload 44 7 Tes! Matenal 2 7 652.39 8 i 8 ugil
MSE3IB56-9)}B MSE3-34d bicad 856 [ Cotwral g ) < 1 T 05 vgial
IMSE3-866<(3)-8 MSE3-330 ULlood 866 1 Countrat 9 o < 1 1 a5 ughtt
IASE3-409<9)-B MSE3-363 blood 409 1 Coutiof 9 o < 1 i 45 ugiel
MSE3-S0T-9}B MSEII57 blood 407 2 Lead Acclate 9 25.69 . Voo ugol
¥.SE34194918 MSEI355 bloos 419 2 Lead Aceiale 21.84 H [ ugicl
MSE3-30549)-8 MSEI-3I6_ blood 405 2 Lead Acetale 9 277 < 1 i 05 ugieL
MSEII0249;-8 MSC3-311 vloos 402 2 Lead Acetale 9@ 26.81 < 1 05 ugldl
MSE3-857{9}-B MSE3-365 blood 857 2 Lead Aceials @ 293 1 I ugaaL
MSE3LT(9)r8 MSEI-353 biood 401 3 Lead Acelate Y 6743 3 i 3 ugtiL
MSE3-412-9}8 MSE3-360 blood 412 3 Lead Acetate 9 7324 33 t 33 ugidl
MSE341649)-B MMSEL.333_ biood 416 3 Lead Acelate 9 79.19 38 1 a8 ugial,
MSE3-42149)8 MSE3-350 biood 421 3 lead Acetate 9 8352 3.1 i 31 ug/icL
LSE3-855-(8)8 MSE3I338 biood 855 3 Lead Acetatle 9 90.36 3 13 ugidl
MSE3-8510)}B MSE3-335 blood 851 4 Lead Aceisic 9 49.7 5.9 i 59 ugieL
MSE3-867{9}B MSE3-356 Liood B8G7 4 Lead Acclate 9 211.01 5 P05 ugicl
MSE3425-(9}-8 MSE3-331 bicod 425 4 Lead Acetate 9 237.78 45 P45 ugiul.
MSE3-853-(9)8 MSE3-343 oiod 833 4 Lead Acelale 9 226.95 66 P66 vgicL
IASE3-86349)-8 MSE3-149 blood €63 4 Lead Acetale 9 248.18 i0 110 vgdL
MSEI406-9)-B MSE3-362 biood 406 5 Test Matenal 2 9 8251 3 i 03 ugech
MSE3-408-{9)-B MSE3-354 biood 403 5 Test Material 2 9 823 3 13 ugieL
MSE3-41849)8B MSE3-364 bioos 418 5 Yest Material 2 § 67.82 3 P03 gl
MSE3-422-9}-B_MSEI348 blood 422 5 TestMaterial2 9 8377 2 P2 vgidL
MSE3-862{9)8 MSE3-339 blood 862 5 Test Material 2 9 71 37 137 ugicL
LISE3-854-{9}-B MSE3-359 biood 853 5 Test Matenal 2 9 258.04 55 t 55 vgtl
MSE3-85449)-8 MSE3-358 bbod 864 6 Test Matenat 2 9 220.49 45 135 ugidL
1SE3-853{918 MSE3-347 bload 859 6 Test Material 2 9 23383 5.8 t 56 ugdl
MSE3-317{9}-B MSE3-352_ blood 417 3 Test Material 2 9 23383 56 1t 56 ugicL
MSE3-861-{9}-B MSE3-337 blood 861 &€  TestMatenol2 D 23183 6.7 T67 vgicl
IASEI0449)-B MSE3-345 bivod 404 7 Tesi Mawerial 2 9 666.98 94 194 ugdl

blood 411 7 Test Matenat 2 9 817.23 9.3 193 ugTL

MSE3-41149)-8 MSE3-346



TABLE A-5

Actual Pb Reportod .
Sample Number ITag Number| Matix | "9 | Group| , Matet! 1 gy | pwag) Dose Conc | DL A("m’;c Units
{uglkg-d) (ugfg)

MSE3-413-(9)-B MSE3-334 blood 413 7 Test Matenal 2 9 695.03 95 195 ug/dL
MSE3-414.(9) B MSE3-340 blood 414 7 Test Matenal 2 9 674.54 86 i 85 ugidL
MSE3-860+9)-8 MSE3-329  blood 860 7 Test Material 2 8 683.84 74 76 ugrdL
MSE3-856-(12)-B MSE3-367 bicod 856 i Control 12 0 1 1065 ughiL
MSE3-409-(12)-B MSEJ-389 blood 409 1 Contro! 12 0 1 1 0.5 ugigL
MSE3-866-(12)-8 MSEJ-378  biood 666 1 Control 12 0 1 i 05 ugidl

MSE3-405-(12)-B MSE3-372 blood 405 2 Load Acetate 12 27 48 2 12 ugidL
MSE3-857-(12)-B MSE3-381 blood 857 2 Lead Acetate 12 28.85 2 12 ugidL
MSE3-407-(12)-B MSE3-396  blood 407 2 Lead Acelale 12 25.74 1 1 ug'dt
MSE3-402.(12)-B MSE300 blood 402 2 Lead Acetale 12 26.62 1 1 ugidL
MSE3419-(12)-B MSE3-3%4  blood 419 2 Lead Acetate 12 21.82 2 1 2 ug/dL
MSE3-416-(12)-B MSE3-368 bicod 416 3 Lead Acetale 12 77.79 57 157 ughdt
MSE3-401-(12)}-B MSE3-401  blood 401 3 Load Acelate 12 67.9 33 133 ugidL
ASE3-412-(12)-B MSE304  blood 412 3 Lead Acelale 12 73.64 5 15 ugedL
MSE3-421-(12)-8 MSE3-375  bloog 421 3 Lead Acelate 12 82.16 39 139 ugidL
MSE3-855-(12)-B MSE3-395 llood 855 3 Lead Acetate 12 8939 32 132 ugldL
MSE3-425-(12)-B MSE3-377 blood 425 4 Lead Acelate 12 235.32 5 15 ugidl
MSE3-851-(12)-8 MSE3-385 blood 851 4 Lead Acelate 12 252,16 6.8 168 ugfdL
MSE3-867-(12)-B MSE3-384  blood 867 4 Lead Acelate 12 212,53 5.5 1 55 ugigt
MSE3-853-12)-8 MSE3-369 biood 853 4 Lead Acelale 12 276.19 6.9 169 ugidL
MSE3-863-(12)-B MSE3-393 blood 863 3 Lead Acetale 12 246.03 97 197 uydL
MSE3-406-(12)-B MSE3-370  blood 406 5 Test Matenal 2 12 81.28 33 133 ugdL
MSE3-408-(12)-B MSE3-376  blood 408 5 Test Matenat 2 12 81.65 2 12 ugHdL
MSE3-418-(12)-8 MSE3-382 Liood 418 5 Test Matenal 2 12 68.87 34 134 ugidt

MSE3-422-(12)-B MSE3392 blood 422 5 Test Material 2 12 83.56 3 V3 ugidl
MSE3-862-(12)-B MSE3-386 bLlood 862 5 Tes(Matenat 2 12 76.32 38 i 34 unidl
MSE3-854-(12)-B MSE3-390  blood 854 6 Test Matenal 2 12 257.63 5.7 157 ugrdL
MSE3-854-(12)-B MSE3-383  blood 864 [ Test Matenal 2 12 218.91 39 139 ugidL
MSE3-850412)-BMSE3-381  bicod 859 [ Test Matenat 2 12 229.88 6.1 161 ugldL
MSE3-417<12)-B MSE3-402 blood 417 3 Tes! Material 2 12 235.67 6.7 6T ugrat
MSE3-861-(12)-B MSE3-379  blood B61 6 Test Matesial 2 12 229.11 T (S e
KISEI-404-(12)-B MSE3-374  blood 404 7 Test Matenat 2 12 G67.31 96 t 9.6 ugidl
MSE3-411412)-B MSE3-397  blood 411 7 Test Matenal 2 12 789.15 96 196 ugidL
MSE3-413-(12)-0 MSE3-387 blood 413 7 Test Material 2 12 687.25 10 (R} ugfal
MSE3-414412}-B MSE3-398 blood 414 7 Test Material 2 12 665.93 1" 1 ugaL
MSE3-860-{12)-B MSE3-399  blood 860 7 Tes) Matenal 2 12 £84.33 87 1 8.7 ugidl

MSE3-866-{15)-8 MSE3«40 blood 866 K Conual 15 ) 1 T 65 ugeL

MSE3-409-(15}B MSEI4OT  blood 409 1 Contol 3 0 1 i85 ugidL
MSE3-855(15)B MSE3-428 blood 855 1 Conusol i5 )] 1 105 ugrdl.

MSE3-407-(151-B MSE3433  blood 207 2 Lead Acelate 15 25 1 [ ugloL

MSE3-419-(15}B MSE3428  hiood 419 2 Lead Acclale 15 21.32 1 i 1 ugidl
#ASE3-857{151-0 MSEI-11S  biood 857 2 Lead Acetale 3 28.98 1 [ ugidl.
MSE3-105415)-8 MSE3 431 bload 405 2 Lead Acelate 15 26.7 2 Vo2 vgiol
MSE3-402<151-B MSE3419  blood 402 2 Lead Acetate 15 26.43 1 1 es ugiat
MSEI4Q1{15}B MSE3408  biood 401 3 Lead Acetate 15 66.8 3 13 ug/dt

MSE3-421-{15)-B MSE3422 bicod 421 3 Lead Acetale 15 82.09 16 146 ughit

HSEJ-&&S—US)—B Mse:s-ms blood 855 3 Lead Acewte 15 89.23 2 o2 ugidL
MSE3-412-(151-B MSEJ 420 blood 412 3 Lead Acelate 15 71.21 36 38 ugidL
MSE3416-(15}-B MSEA405 blood 416 3 Lead Acetate 15 76.98 G5 16S ugidL
MSE3-85115)-B MSE334  bfoog 851 a Lead Acetate 15 246.72 6 16 ugidL

MSEI-425415}-B MSE3406 blood 425 4 tead Acelate 15 23535 55 i 55 ug/dL
MSE3-853(15/-B MSE3412 biood_853 4 lead Acetate 15 2215 7.9 179 ugldL

MSE3-863(15)-B MSE3-429  tlood 863 N Lead Acetate 15 244.32 0 110 ugldL
HMSE3-867(15)-B MSE3437 blood 857 a Lead Acetate 15 206.5 68 1 68 ugidL

MSE3-862-35FB MSE3416  blood 862 5 Test Materia) 2 15 74.88 4 Vo4 ugidL
MSE3-A0815}-B MSE3<17  blood 208 5 Test Material 2 15 81,19 3 T4 ugidL
InSEH\&-(lS)—B MSEMJO tlood 418 5 Test Matenal 2 15 65.54 59 i 58 ug/dL
MSE3-422-(i5}-8 MSE3 427 bload_ 422 5 Test Material 2 15 82.31 34 i34 ugidt

MSE3 40515} 8 MSET426 biood 406 5 Test latenat 2 81.97 36 1 36 ugidL

MSE3-854<15}-B MSEZ-441  liood 854 6 Test Matenal 2 15 252.97 6.2 1 6.2 ugfeL
HSE3-859-{15)B | MSES-425 biood 859 & = Tesihaterial2 15 230.04 6.3 t 63 ugrdl
KSEILEI(IS)BASEI 23 bibod 861 6 TestMateridd 2 15 22343 72 V72 ug/dl
MSE3-864{151-B PdSEMZd biocd 864 6 Tesi Maerial 2 15 216 3.4 44 ug/dL
MSE3-4174(15)-B MSE3-935 biood 417 [3 Test Matensl 2 15 231.04 5.7 1 87 ugdL
MSE3404415)-8 RISE3-436  bioaxd 404 7 Test Material 2 15 £45.85 0 [IRY+! urdl
MSEI-411415)B MSEI413  blocd 411 T Test Material 2 15 809.26 10 30 ugidL

C-11




TABLE A-5

. Actual P Reported )
Sample Number | Tag Number| Matrix NUP"“’;)“ Graup| , movefal | Doy | BWAGiDose [Q| Conc |OL Aﬁig;’)‘c Units
. (ug/kg-d) {ug/g}
MSEJ-860-(15)-B MSE3-421  blood 86O 7 Test Matenatl 2 15 67254 8 4 ugtdL
MSE3-413-(15)-B MSE3-414  bkod 413 7 Jest Malenal 2 15 672.06 W 1 10 ugfdl
MSEJ-414-{15/-B MSE3-410 bloce 14 7 Tost blalesint 2 15 ©65.24 1Q 1 i0 vuq'dl

Actual BW Adj Dose. Values prescuted are for andividual dosng days only: average doses 0+ the coursa of the stucy are presenled n
Tahie A-3. as well As Table 2- 1.0 the man text.

Reported Conc: Accounts for all ditutions iy sample ueparaton and analysis

AdiCenc (Adjusted Concentation). Nen-detects evaiuated al 1/2 the quantitation Gmit (DU)



LEAD ANALYTICAL RESULTS FOR QUALITY ASSURANCE SAMPLES

Lavaratory Control Standards

TABLE A-6

Analytical Spikox

\, Unadpstod Parcent Sampig
QC S id QC 5:d Conc oL Po Conc Nummior Matrix
CCe 19 gl 1 T ugl WHES 47
CoC 2 19ugL 1 251 MEER1G
CEC 29 149 pgL ' 2 a5 MSEL0h
oL 2% 19ugL : 2ugt MSE3-137
CDC 204 19 gt 1 2ugl MSE- 148
CC 204 18 potl : 2wk WGCI-157
CDC €40 18 ppt B gl WSE3- 164
CDC 690 48 pgl 1 1209t
cec 6o 48t 1 LR
COL 620 48yt 1 4291
<OC 6K 48 gt : 38061
GO 899 48 ugL 1 38 ugh
cDC 630 48yt . 42 pgL
COC 630 18 gL 1 I gt
cDC 620 4rugt 1 12 et
€oC €0 48l t 38 bt ASEX 267
COC 6v0 48 L 1 Jo sl LSE3N.
TS T 180G YGT 2012 pgeg X 95 pyg MGELZ
MIST 1405 807 + 012 pan G4 34 ugy MSEX-28G
NRCC Dasl-3 0319 : 0.5 y'g Joay 02 u5'g ™ 9% MGEX NG
NRCCDotd 0319700351 002 N3y 5 6% LSE-30r5
NARCC JOHR1.2 035:0 Duyg 0ol 0wy M5 1% NSEX Dy
NRCC TORY-2 €350 1dugy 0G3 3 ugg 85 % AI3ED-
MRCC TCRT.2 C.35:0 13ugy oot 026 usg 71 i% WGETIG
NRCC TCRY-2 0352013ung ¢ a1 006 vy 74.i% ISERMHG
VSSE 3-0%)
MSE3X6
ical Duplicates {Posi-Oiqestion] MSE3 76
. MSE3-266
Sempuethonter |  Matts | Unie [ P2EOC | O8nd oy o pguonce ASEIMG
{duphcase) | Conc VSEI100
MSE3-102 koo weA <3 LR} al'mn | NSEI-L 16
MSED-33 4 Dasoxt wet -t “3 adna |
MSED 123 biood Pl . a1 atnn 1
MSEL 132 Siood e <1 % atten 1
MSEF ] (2] iyl <t 1 atn 1
USEI-152 Shexnt gl & 2 artnere §
SISED 162 olood e 2 2 agren t
MSED-172 (777 wGt 35 s it t
MSE3-187 blooa vt s ip nlerr 1
AMSEL192 ) L b} 2 a1
MSES-202 bloory urt <t <3 acwn |
MGES 2D Dloce? pgl 2 1 witan t
M5E3-222 tcod WL 2 2 e t
563732 olorad ey ? ' atn 1
MSE3-242 Do upl 34 3 antret t ey
MSED 252 S L 2 F it § sy
SISE 3-204 phoort sl : + adnen 1 VGEMLTE ety
WSEN-212 Bl L L IS edon ) VEEXE  horws
MSE2-202 oG ozt 62 22 o 1 HSES R fermu
SSER 292 = Vi) EH Y L3 2 e | MSEL519 et
L2EEF 07 [ 0 ] il 1 L ramwe TSE 548 frrmr
v 3 ki et T s 3p R o e
<1 <t mOen t
' 6 an t
. “t aten 1
< «1 agen |
R B 3 aitwn |
43 2 e §
17 3z adnn
83 [ -
12 87 adree 1
11 B IS
84 ) .
¥4 13
05 s
224 C.:E
L3 cze
0171 £
153 est
62 [-pic)
gL A%
8l r32
36 23
48 42
9 Tt

~ Duphcats gfletcnins jresar Can ong wmea D Coancion Limd



TABLE A-6

Sampie Preparation Replicates
[Tng Nu mbch Matric ]_F’Tg angmall Groupl Maloriad | Targot Dosa | Callection QJDLT PbConc | AdiConc 1 Ong'mll

Number | Pig # Administered {ug/kg-d) Oay AdfConc
MSE3-454 iver 2855 855 3 Lead Acetate 75 15 0.078 0078 ug'g 0087
MSE3-459  lver 2864 864 6 Test Matnal 2 225 15 0 G118 0.18 uy'y 018
MSE3-443 lver 2R60 BC0 7 Tast Matonal 2 675 15 ] 055 055 valq 058
MSE3486 wdney 2857 857 2 Lead Acetate 25 15 7] 002 0.02 ug'g ooz
MBE3-502  kidiey 2867 &G7 4 Lead Acetate 235 W5 1} oz7 27 ugfg 026
MSE3-484  kidney 2862 862 5  Test Materal 2 75 i5 0 Q079 0075 ugia 0.066
MSE3-544  fomur 2405 405 2 lLead Acelate 25 15 0.4 1 1 ugig 1
MSEJ-517 fernue 2408 408 5 TestMatenat 2 75 15 04 33 33 ugs 3.
MSE3-530  temur 2411 411 7 Test Matenal 2 G375 15 U4 22 22 va'q 23
MSE3-129 Lhood 2401 401 3  lLead Acctate 75 Q < 1 1 05 ugidl 05
MSE3-120 blood 2425 145 4 Lead Acotale 225 1) < 1 1 0.5 ugrdL 635
MSE3-103 biood 2404 404 7 TestMatenal 2 675 [V < 1 1 0 5 ug/dL 05
MSE3-139 biood 2402 402 2 Lead Acelale 25 1 < i 1 05 ugidl 05
MSE3- 153 thood 2406 406 5  Test Majuial 2 75 1 1 1 1 ugidl 05
MSE2-143 bhood 247 417 G TestMateial 2 225 1 < 1 1 5 ugidl 25
MSE3-208 tlood 2309 409 1 Conuol [ 2 < 1 i U5 ugaL 05
MSE3-183  blood 2412 412 3 Lead Acetate 75 2 < 1 1 05 ugidl 05
AMSE3-213 tlood 231 4311 7 Test Matcriat 2 675 Y4 i 2 2 ugldl 3
MSE3-219 Elood 2851 851 4 Lead Acelate 225 3 1 1 1 ugdl :
MSE3-218  blood 2408 408 5  Test Malenal 2 75 3 1 d 1 ugidl Ub
MSE3-249 thood 2413 413 7 Test Maternal 2 075 2 1 G.3 6 3 ugial 62
MSE3-261 tlood 2305 405 2 Lead Acelile 25 5 1 2 2 ugdl i
MSE3-289  tlood 2416 416 3 Lead Acetate 75 5 1 3.7 37 ugidl 33
MSE3-275 blooy 2854 854 6 Test Maienal 2 225 5 1 43 4.3 ugidl, 43
MSE3-307  blood 2853 853 4 Lead Acetate 225 i 1 62 6.2 ugial 14
MSE3-310 blood 2418 418 5 Test Materal 2 75 7 1 32 32 ugidl. 35
MSE3-317 biood 2859 859 &  Test Matenal 2 225 7 1 51 5 1 ugigl 53
MSE3-351  Llood 2856 856 i Conirol Q g < 1 1 0.5 ugdl 95
MSE3-M2  tlood 2497 407 2 Lead Acetute 25 g < A 1 0.5 ugrdl 1
MSE3Z-361  blood 2414 414 7 TestMawenal 2 o715 g 3 10 10 ugidi 96
MSEI~03 klood 2856 a6s 1 Contral [\ 12 < 1 i 0.5 ugidl, a5
MSE3-37t  blood 2421 423 3 Lead Acotate 75 W2 1 42 42 ugel 3y
MSE3-373 blood 2422 422 5  Test Matewat Z 75 i2 1 k) 3 ugidt 3
MSE3-242 biooad 233y 419 2 Lead Acclile 25 i5 1 2 2 ugaL i
MSE34TY bleod 2863 863 4  Lead Acelata 225 35 1 10 10 ugick 0
MSEIL08  blood 28671 851 6 Test Matora 2 225 15 1 85 B.5 ugral ie

Blood Lead Check Samplos
tfap Number l Marix | P B"g':m":,:d Check €OC Cancentration I PbConcT oltq AdiConc I
2 1

MSE3-253 bdood CDC BLLRS sampie 294 19 uydl 2 ugdl
MSE3 162  bloos CDC BLLRS sample 294 19 pgidt z 1 2 ugidtL
MSE3380  blood COC BLLRS sampie 294 19 gl 2 1 2 ugldt
MSEZIG6  tlocd CDC BLLAS samgle 294 9 wofdl 1 1 1 ugdt
MSE3- 181 Lhond COC BLLRS sarnple 24 59 wqf. 2 ? 2 w;-dl.
KSE3 1100 blood COC BULRS sample 193 55 pgdl 51 1 51 upcl
LASE3-180 blood CDC BLLRS sampla 199 55 gt 5 1 5 vyat
MSEI-227  bood CDC BLLRS sample 199 55 pyuL atr 1 2.7 ugich
USE3-320  blood COC BLLRS samgle 199 55 pgot 45 1 45 ugut
MSE3-332 bood COC BLLRS sample 193 55 pgdl 46 1 4.6 ugidl
MSE3-139  Blond CDC BLLRS sample 199 55 gt 7 1 47 ugldL
MSE3432 Blood COC BLLRS sampte 5092 139 pgal EE) 1 13 ug/aL
MSEII01  bloost CDC BLLRS sample 592 139 pgdL i3 1 13 ugidl
MSE3-234 ticod CDC BLLRS sample 592 139 pgide 13 1 i3 ugiaL
MSE3-313 bhood COC BLLRS sampie 592 139 pgel 12 1 12 ugiob
MSE3-175  biood | COC BULLRS sampie 592 139 pgidL 13 1 13 wgldt
MSEJ 328 bod COC BLLRAS sample 592 139 pgel 12 1 #2 ugrdL
LISE3-233  riooo CDC BLLRS sampie 592 39  pzL 12 1 i2 vadt
AdiConc (Adpusie Cancentraticn) Non-detects at %2 the quaicason brms (0L ).




TABLE A-7 IDENTIFICATION OF POTENTIAL BLOOD LEAD OUTLIERS

Maltenal Group Pig Target Aclual Blood Lead (pqgidL) by Day
Administered Number Dase Dose* €] 1 2 3 5 7 9 12 15
Lead Acctate 2 402 25 26.43 0.5 0.5 05 0.5 0.5 0.5 0.5 10 05
Lead Acetale 2 405 25 26.70 0.5 0.5 0.5 0.5 1.0 2.0 0.5 20 2.0
Lead Acetate 2 407 25 25.00 0.5 a.5 0.5 0.5 0.5 0.5 1.0 1.0 1.0
Lead Acetate 2 419 25 21.32 05 0.5 0.5 0.5 0.5 0.5 1.0 2.0 1.0
Lead Acetale 2 857 25 28.08 0.5 0.5 0.5 05 08 10 10 2 10
Lead Acetate 3 401 75 66.80 0.5 0.5 05 20 31 3.0 3.0 33 3.0
Lead Acetate 3 412 75 71.2% 05 0.5 0.5 1.0 20 3.0 3 50 3.6
Lead Acetate 3 416 75 76.98 0.5 0.5 0.5 1.0 3.3 ER] 4.8 57 8.5
Lead Acetate 3 421 75 83.09 0.5 0.5 0.5 1.0 30 3.0 kB! 3.9 4.6
Lead Acelate 3 855 75 89.23 0.5 05 0.5 2.0 3.0 3.7 3.0 3.2 2.0
Lead Acelate 4 425 225 23535 0.5 1.0 2.0 3.0 4.0 5.2 4.5 5.0 5.5
Lead Acetate 4 851 225 246.72 6.5 1.0 1.0 1.0 4.0 5.1 59 g 6.0
Lead Acelate 4 853 225 221.50 0.5 34 34 44 5.3 7.0 6.6 6.9 79
Lead Acetate 4 863 225 244.32 05 2.0 30 65 6.7 10.0 97 100
Lead Acetate 4 867 225 206.50 0.5 2.0 20 3.0 43 3.8 50 5.5 68
Test Material 2 5 406 75 81.97 0.5 0.5 0.5 0.5 3.0 3.2 3.0 33 3.6
Test Material 2 5 408 75 81.19 0.5 0.5 0.5 0.5 20 2.0 30 2. 40
Test Malerial 2 5 418 75 66.54 0.5 0.5 05 0.5 20 35 3.0 34 59
Test Material 2 5 422 75 82.31 0.5 0.5 0.5 0.5 1.0 2.0 2.0 3.0 3.4
Test Material 2 5 862 75 74.88 05 0.5 1.0 2.0 3.0 30 3.7 39 1.0
Test Materiat 2 6 417 225 231.04 0.5 0.5 1.0 20 5.1 5.4 5.6 6.7 5.7
Test Material 2 6 854 225 252.97 0.5 2.0 2.0 20 43 4.3 535 5.7 6.2
Test Malerial 2 6 859 225 230.04 0.5 1.0 2.0 34 4.3 53 5.6 6.1 6.3
Test Material 2 6 861 225 223.43 0.5 1.0 3.0 31 4.8 49 6.7 70 7.2
Test Material 2 6 864 225 216.00 0.5 2.0 2. 2.0 35 5.5 45 3.9 4.4
Test Material 2 7 404 675 645.85 05 2.0 38 3.4 6.¢ 8.0 9.4 96 10.0
Test Material 2 7 411 675 809.26 0.5 0.5 30 . 30 59 7.6 9.3 9.6 10.0
Tes! Matesial 2 7 413 875 672.06 05 6.0 71 6.2 6.2 &8 5.5 100 10.0
Test Materiai 2 7 414 675 665.24 0.5 4.0 5.0 7.3 886 96 8.6 11.0 0.0
Test Materiat 2 7 860 675 672 54 0.5 30 3.3 4.5 57 B.4 76 87 80
Conirol 1 409 [ 0.00 0.5 0.5 05 0.5 0.5 0.5 0.5 6.5 0.5
Conlrot 1 856 0 0.00 0.5 .5 0.5 0.5 Q.5 0.5 05 0.5 ub
Control 1 866 0 a.00 0.5 0.5 0.5 0.5 05 05 0.5 0.5 ns

‘Average body weight-adjusted dose for each pig over the course of the study (days 0-14).

Dose units: ug/kg-d

Oata point flagged as potential outlier (group mean < 5 ug/dL }

TR

-, Data point flagged as potential outlier {group mean > 5 pgidL}
E Data point judged ig be outlier; exciuded from further anaiyses




TABLE A-8 AREA UNDER CURVE DETERMINATIONS

Group Pig AUC (p3/dL-days} for Time Interval Shown AUC Tota!
Number 0-1 1-2 2-3 3-5 5-7 7-9 9-12 12-15 | (pg/dL-days)
2 402 050 0.50 0.50 1.00 1.00 1.00 2.25 225 9.00
2 405 0.50 0.50 0.50 1.50 3.00 250 3.75 6.00 18.25
2 407 0.50 0.50 0.50 1.00 1.00 1.50 300 300 11.00
2 419 0.50 0.50 050 1.00 1.00 150 4.50 4.50 14.00
2 857 0.50 0.50 0.50 1.00 1.50 200 4.50 4.50 15.00
3 401 0.50 0.50 1.25 5.10 6.10 6.00 9.45 9.45 28.35
3 412 0.50 0.50 075 3.00 5.00 6.30 12.45 12.90 41.40
3 416 0.50 0.50 0.75 4.20 8.20 9.70 15.75 18.30 58.00
3 421 0.50 0.50 0.75 4.00 6.00 6.10 10.50 32,75 41.10
3 855 0.50 0.50 1.25 5.00 6.70 6.70 9.30 780 37.75
4 425 0.75 1.50 2.50 7.00 .20 9.70 14.25 15.75 80.65
4 851 0.75 1.00 1.00 5.00 9.10 11.00 19.05 19.20 66.10
4 853 1.95 3.40 3.90 9.70 12.30 13.60 20.25 22.20 87.30
4 863 1.25 2.28 2.83 9.60 13.20 16.70 29.55 29.55 104.95
4 867 1.25 2.00 2.50 7.30 8.10 8 80 15.75 18.45 54.15
5 406 0.50 0.50 0.50 3.50 6.20 6.20 945 10.25 37.20
5 408 050 0.50 0.50 2.50 4.00 5.00 7.50 9.00 29.50
5 418 0.50 0.50 .50 250 5.50 €.50 9.60 13.95 39.55
5 422 0.50 0.50 0.50 1.50 3.00 4.00 7.50 9.60 27.10
5 862 0.50 0.75 1.50 5.00 6.00 6.70 11.40 11.85 4370
[ 417 0.50 0.75 1.50 710 10.50 11.00 18.45 18.60 68.40
6 854 1.25 2.00 2.00 6.30 8.60 9.80 16.80 17.85 64.60
6 859 0.75 1.50 2.70 170 9.60 10.90 17.55 18.60 69.30
6 861 075 2.00 3.05 7.90 9.70 11.60 20.55 21.30 76.85
6 864 1.25 2.00 200 5.50 9.00 10.00 12.680 12.45 54.80
7 404 1.25 290 3.60 8.40 14.00 17.40 28.50 29.40 106.45
7 411 0.50 1.75 3.00 8.90 13.50 16.90 28.35 29.40 102.30
7 413 3.25 6.55 6.65 12.40 15.00 18.30 29.25 30.00 121.40
7 414 2.25 4.50 6.15 45.99 18.20 18.20 29.40 31.50 126.10
T 860 1.75 315 3.90 10.20 14.10 16.00 24.45 25.05 98.60
Q \] 0.00 0.00 0.G60 0.00 0.00 0.00 0.00 0.00 0.00
o] 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00
Q 0 0.00 0.00 0.6 0.00 0.00 0.00 0.00 0.00 000
1] 9] Q.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00
0 Y] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0 0 0.00 0.00 000 0.00 0.00 Q.60 0.00 0.00 9.00
0 o) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000
0 g 0.00 0.00 0.40 0.00 000 0.00 g.00 0.00 ¢.00
4] 0 ¢.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00
0 0 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00
0 Q 0.00 0.00 0.00 [Vls:0) 0.00 0.00 0.00 .00 Q.00
Q ] 0.00 0.00 0.60 4.00 0.00 0.60 0.00 0.00 0.00
0 §] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00
0 g 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00
1 409 0.50 0.50 0.50 .90 1.00 1.00 1.50 1.50 7.50
1 856 0.50 Q.50 0.50 1.00 1.00 1.00 1.50 1.50 7.50
1 866 0.50 Q0 50 0.50 1.00 1.00 1.00 1.50 1.50 7 50
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FIGURE A-1 BLOOD LEAD DATA BY DAY

LEAD ACETATE and CONTROLS
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APPENDIX D

Data from Drexler-—12-Month Sample (2006)



Laboratory of Environment and Geological Sciences, University of Colorado, Boulder

Project Name: Eerculaneum Lead Smelter Test

Run #: 1 Date: 71612006 OperatOr: RICE
Position Sample name Lab# Wt. Grams pH start Starting Stopping pH stop
in rack time time
1 HER-3201 1.00133 1.511 11:30 12:30 1.508
2 HER-3201 DUP 1.00205 1.511 11:30 12:30 1.51
3 HER-3201 TRIP 1.00027 1.511 11:30 12:30 1.511
4 blank 1.511 11:30 12:30 1.505
5 blank spk 1511 11:30 12:30 1.497
6
7
8
9
10 ‘4




TABLE 2. Preliminary Summary Of In Vitro Bioassay Results

Sample ID Pbin mass calc Pb #1
<250u soil (g)
bulk soil
mg/kg

HER-3201 2131 1.00133] 2.13383

QA/QC
HER-3201 DUP 2131 1.00205 2.13537
HER-3201 TRIP 2131 1.00027 2.13158
Process Blank
Blank Spike
o % Spike Recovery

Machine Detection
Limit (MDL)

ICP Pb solution %

{mg/l) amt(l) Relative

Pb

Bioavail

ability

19.17 0.1 90

19.096 01 89

18.626 01 87
0.014
2.526
101.05%
0.00009

stddev



Buik analysis provided by client

HER-3201

Pb ppm

2131

h



HER-3201
HER-3201 DUP
HER-3201 TRIP
blank

blank spk

Pb ppb
19170
19096
18626
14
2526

Pb ppm
19.170
19.096
18.626
0.014
2.526
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